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PEEFACE TO THE SECOJTD EDITION 


One of the authors, in the preface to the former edition, expressed 
his fears for the future of tlie cement industry in this country, and 
pronounced the opinion that the trade was about to enter upon a 
very critical per\pd. Since these views were recorded we have 
seen the establishment of the great combination of English manu- 
facturers and the important changes in the industry due to the 
introduction of the rotary kiln and the tube-mill. Nearly all the 
plant which wn.s ivgarded as essential ten y(‘ars ago has now 
become obsolete, and the processes of manufacture have undergone 
su?h a complete revoli{fion that it has Ix'come necessary to ro-write 
entire chapters, descriptive of the appliances in common use at 
that dnte. The aujjjiors have attempted in what follows to givfe a 
true description ' of the altered methods which now prevail in the 
production of Portland cement, and tlicy have endeavoured to 
set before the reader a faithful account of all tin' most recent 
processes adopted in this country, as also in the United States 
and on the Continent, where the cement manufactnre has developed 
to an amazing extent. 

It is only by the most fearless sacrifice of antiquated methods * 
an4 obsolete machinery that cement makers in this country can 
]K>pe to iRonapete with their foreign rivals. We are still tar from 
realising yha^an be accomjjlished from cemelft rightly and intelli- 
gevtly used, and we are convinced that we are merely on the 
threshhold of the great^increase in the demand for this material 
whjch will take place when the engineer has fully grasped the 
enormous gpseibilities of “armoured” and “ ie-e<!force3 ” concrete 
construction.^ 

Many doubtfu! matters in the ckemistry of cement action are 
b6w in coa|se of being rendered clear, and, in the hands of skilful 
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and competent chemists, the problems which still require ^olufton * 
are daily bein^j ^explored with success. We h^ve placed on record 
8om^ o^^the tj^ecyies of ^cement reactions which have been promul- 
gated by English and foreign experimenters, and we have con® 
eiderably added to oun former Chapter on the Analysis of Ceme/t 
Mixtures. We trust that by this means we have been able to bring 
up the knowledge of the chemistry of the subject to current require- 
ments, and that our work will be found useful both in the laboratory 
and in the manufactory. 

The authors desire to express their best thanks to the manu- 
facturers and othei’s who have supplied them with valuable 
information and assistance. They are. also indebted to Messrs. 
Lathhury & Spackman, The Conveyor and Elevator Co., Messrs. 
Bagshawe & Co., Messrs. R. Broadbent & Son, Ltd., The Bradley 
Pulveri/.or Co., ]\Iessrs. T. L. Smi<lth A” Co^ Messrs. C. Wlnttater 
& Co., Ltd., Me.ssrs. Hadfield’s Steel Foundry Co., and* Mr. Patriot 
Adie, for the loan of blocks and other illustrf^tions. 

^JLBERT R, REDGRAVE. 
CHARLES SPACEMAN. 

TiiuiFFwoon, 

SVDKNUAM, S.E. 

r 



•PREFACE TO THE FIRST. E^^n;fON. 


The marked improvements effected in recent years in the use ot 

iimes and cements date back undoubtedly to the close of the 

• # 

last century. They ma}' be ascribed, partly to tlie great advance 
made about that time in chemical and scientitic knowledge, and to 
the accurate habits of thought and practical research induced by 
the spread of that knowledge, }>art]y, also, to the rapid growth of 
engineering skill, which characterised that piudod. 

In botli of these directions our own countrymen yielded impor- 
tant services, and, so far as lime.s and cements are concerned, wliile 
the “ingenious” ])r. Brindley Higgiii.s was about 17<S0 laying the 
foundations of a pro{)er study of the chemistry of the subject, 
Srncaton had already, as early as iToO, observed the notable fact 
that ^the bydraulicity of limes was due to the pi-eseiice in them 
of clay. J 

The records of the English Patent OfHcc do not, however, 
disclose any great activity in these branches of invention until 
thirty or forty yt'urs later, and considerable progress appears to 
have been made in the manufacture of artificial liii»es abroad, before 
the subject attracted serious attention in England. discovery 

by Parker of the valuable cement made from the soptaria of the 
London clay, patented by him in 1796, was doubtless an invention 
of the utmost importance, as I shall attempt to s-;Jiow, when dealing 
with the subject from the historical point of view. 

Little injustice will probably lx* done to those who have turned^ 
their attention to tliese materials, if we state that from the times 
^•the Ronians until Smeaton’s discovery — say for a period of 
8lose upon thousand yeaA — no substantial advarice was made 
in the egiployment of linifs and cements. *^t has, m fact, been 
re’jerved for the latter half of the nineteenth century to demonstrate 
the superiority of yrtifkial cements over the best descriptions of 
natural cements and admixtures of fat or pure limes with other 
substances imparting to them cementitious properties, • 

Notwil^&Hfling the excellence of the^ cements *now being 
placed up«n th^raarket, and the amount o£ attention which tjie 
manufacture and employment of d^ijients have recently received, 
•^e have siill much to learn respecting tfie chemistry of cement 
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action, ^nd concerning tlfe problems involved in the economical 
production of these igaterials. On the subject of testing ctmeifts 
we are* be it* confessed, lamentably deficient, jjs compared with 
man}^ ofr our Cotjiinental neighbours, and in this direction, more 
especially as regards the introduction of* some uniform and gener- 
ally accepted system of testing, there is still much to be accom-* 
plished ill England. * 

It lias seemed to me, therefore, that a brief account of the 
history of the em])loyment of cement in the past, which has 
received but little attention from previous writers, together with 
a description of the various jiroeesses of the manufacture, might 
be of use at the present lime. 1 have also collected some of the 
opinions of exjierts on the testing of cement, and 1 have appended 
a full translation of tlie (Jerman Rules for Testing, whieh, I think, 
have not previously been published in this country. These rules 
would appear to possess peculiar interest at the pVesent time, in 
consequences of the controversy which has arisen among English 
manufacturers, even while this work is passftig through the press, 
concerning the nature of Portland cement. Tfec question of the 
legality or otherwise of the mixture with the cement, during the 
process of grinding, of less valuable ingredients was fought out in 
Oenmuiy more than twelve years Igo, and after careful consider- 
ation and many experiments, it was decided both by manufacturers 
and engineers to adopt such a definition of “Portland cement” as 
to exclude all such admixtures, except two per cent, of plaster of 
Paris, employed f<^r a special purpose. With the reasons for this 
use of i>laster I have dealt fully in the ensuing pages, and the 
^question whether Kentish ragstone or any other variety of unburnt 
material, or slag, should bo employed by the manufacturer, would 
seem properly to come within the provisions of the ^dulterai^qp 
Acts, when we have such an extonsioh of these Acts. iSTl believ^. 
contemplated. 

I cannot claim to have dealt with the subject exhaustively, but 
I have endeavoured to represent the present aspect of the cement 
question imj)artially, not only from the point of view of th« 
manufacturer, buj also from that of the cement user, in both* of 
which dircQtions I ha^e had the^dvantage of a.prjctll^ acquaint- 
ance with the facts tawliich I refer. 

The leading works on lim 4 ^rf and cements, both in this counttv 
and abroad, have been freely consulted^and laid under c^ntributiem; 
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^ a%d I have endeavoured in all cases to acknowledge my oblfgations 
to'the Writers whose opinions I have quoted. J have availed myself 
extensively of the MUiates of Proceedings of the Institution of 
Civil Engineers, which contain some of ^he mewt yiiluaUle ^fesays 
^on Portland cement in existence, and I have here to tender my 
•pecial thanks to my colleague, Mr. Charles Spackman, F.C.S., 
who has prepared the greater ]^art of* the Chapter on Grinding 
Machiner}', and the original and important Chapter on the (.^liemi- 
cal Anal^^sis of Cements and Cement Materials. Many other 
manufacturers have likewise aided mo largely with facts and 
tigures, and 1 wish also to record my indebtedness to Mr. 1. C. 
Johnson for much valuable information. 

I trust that this account of what h.as Ix^en achi(‘ved in the past, 
and this brief record of the pre^ent .state of oiii* knowledge of 
limes and cements may be useful to those who may come after, and 
to all engaged in this branch of industry. 

^ I ^'egurd the present time as, in many resjKS'ts, a very critical 
period in the history (Jf the ceiiK-nt trade. Our own country, the 
original seat of the manufacture, has betui distanced in certain 
directions in consequence of the superior scientific skill and the 
energy of foreign rivals. The supremacy we have so lung enjoyed 
has undoubtedly been to some extent wrested from us by the 
products of Continental industry and enterprise, and in the absence 
of some united action and some intelligent leading, our manufac- 
turers are thrcatiTied with a competition which they are not 
adequately armed to encounter. 

It would be idle on my part to deny that 1 dread times of 
even greater depression than those we have hitherto experienced, 
in this important industry, and I am convinced that nothing but 
t]j#formaticvi of a powerful confederation of cement prodijcers and 
dement VseriSy^such as exist/ in many of the most enlightened 
coun tides «abroad, will extrioate us from the aifficulties by which 
wa are surrounded. I trust that it may be possible to induce the 
Institution of Civi^, Engineers or some influential Corporation to 
imdertak^ these duties, and to free us from the dangers which I 
have attempted to indicate. 


GILBEI^T R. REDGRAVE. 
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CALCAJlEOrs CE^IEXTS : 

THEIR NATURE, MAXUEAUTURE. AND I SES. 

CIlAPTEli 1. 

INTRODUCTION. 

CoNTEN'];^. -- A im K juity of uso of I^ino — l)i*finitioii of l^iiiics atid tVnicnt‘< - Slukin^' — 
(^Juicklitnc — ^ 'iK'inHtry •it ainJ 'SMiiriit'' - Ai tion of Carbonic Acid — 

Silica an# Alumina — Calcmalion of Linics— H vdralion — Jnlluenci' of Alkalies. 

Antiquity of the Uso of Limo. — Tin* jimctifo of cinjdoyin^.^ linn*s ns 
binding ngt'iits for stoiu's, bricks, and otlicr .similar materials u.scd in 
construction i.s one of i^rcat anliijuity, and ilic Homans, tin* most ini^dily 
builders of the ancient world, were well ae<[iuiint(Ml with tlie us(‘ of 
lirn(‘s, as also with certoin of the methods of improN'in^ fat oi* jnirc? limes, 
in ord(M* to imjiart to them cementitious and hydraulie projierties. 

Definition of Cements and Limes. — “Cements,” as distin^^uislied 
from limes, are materials whieh an* eajiable of solidifyiujLt w ln*n bi eonUict 
with water without jierceptible chan.i^i* of volume, or notalde e\o]ution of 
heat; “hydraulic cements ainl limes ” are sueb as possess tin* power of 
“sejfin^'’’ or solidifying und(*r water. All limes have a tond(*ncy to 
e>^'raiykl ^yul fall asunder, or to erumble into powder when^treated 
wdth water, and are said to become “.slaked." "^lie ]>urer the. lime the 
more energAic and rapid is th^ action, w Idle conversely tin* greater the 
qim*tity of clayey matter combined with the lime, the les.s inbmsi*, as a 
rule, is tlie chemical afiiir'ty for water, and tin* slower is the act of 
hyPiration, atid to tlii.s extent tin* greater is tlie re.semblance o| .such limes 
to cements. “ Limes,” therefore, as distinguislied^fro^ cements, “fall " 
or crumble wiiyi expo.^d to the action water. ^ 

..It may bt^as weU to point out here tbat^tlie al^iv’e definitions, though 
they d<4 not entirely accord with all tlnf previous tlieories of limes and 
cpifients, are t^io.se wdiich will be adopted in the fireserit w ork. 
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Cofnbination of Lime with Water. — The chemical affinity of Ijme* 
for wa^i‘r is one of th^ most powerful with which we are acquainted, And 
“ quicklime ’’ (calcmm oxide), or lime recently calcined, when exposed to 
the air #peedi^’ attracts moisture from the atmosjihere, and combines 
with such water to form calcium hydif#xide, or slaked lime. This 
hydroxide may occupy as much as three times the space previously fille^ 
by th(^ quicklime, and therefore the amount of slaki^d lime produced 
from a ^iven bulk of <|uicklitne appears, in certain cases, to be very 
consid<M’able. 

The Speed of Slaking. — Home writers have attempted to classify the 
difl(‘rent varieties of lime in accor<lance with the quantity of slakefl lime 
pn)duced, or with tlie speed with which they were obser\ed to combine 
with water : but it is now known that this slakiiii; action depends upon 
numerous conditions which liaw to be specially studied for (jach class of 
limes, and that any ^ameral deductions foiindeMl upon the act of hydration 
alone are likely to be inaccurate and misleading. 

Intermediate Limes. — Certain impure limes, resembling in their 
composition the constitution of cements, have been appropriately named 
“intermediate linn's,” or such as occupy a }>osi^,ion intermediate between 
the true limes, which undc'rgo disruption when ex|)osed to the action of 
water, and tin; cc'inents which do not, ap}>arently, become changed when 
.so treated. 

It may be assumed that limes of.j^i^ery ditlerent degri'C of eneigy, from 
pure o\id('. of calcium down to true calcareous cements, exist in nature; 
thus tlu'ix' is an enormous range of varieties of action to be studied, and 
any attempt to elussify all limes under two or three sub'hea<ls must be 
futile and untrustworthy. 

In order to rightly understand tin' action of limes and cements, a 
ctirtain amount of chemical knowledge is involved, and this branch of the 
subject miiy now he brielly discussed. 

Quicklime or Caustic Lime. — Quicklime, caustic lime, or the oxide 
of eahyum, one of the earthy mebils, does not exist in^ nature, vfyr is 
mettdlic calcium itself anywhere found in an uncoinbined fOrm' V7e 
obtain (juieklime, tlu^ eliemieal symbol ^or which is CaO, bj calcining or 
heating to redness a ciirbonate of lime, CaCO.^, and by this means^ 
expelling the earljonie acid gas or carbon dioxide. CO^, with which the 
lime is. eoinbined, and which can be dri\en })1F in the gaseous form i|t a 
cherry-red «heat (about 440" Centigrade), • 

VrtiixiratloH hf QMicUime . — Lime combined with carbonic acid is 
, foBLind in v. great varit^y of rocks in all parts of fhe n^orld, and in every 
different degree of jturity. ‘From any pure earboxqite of* lime, sucll as 
marbloi* or fix)m any of^ the ‘various descriptions of lime.stonei* of 
ch<ilk, the calcium oxide or quicklime c|m thus readily be prepared; blit 
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in sutler to keep the oxide unchanged, it must, as already stated, be 
preservefl from contact with tlie atmosphere. * 

Chemical Composition of Quicklime. — Tn a puFe airbonate of lime 
44 parts by weight of carbon tlio\i<le or carbonic; acid are comb^ie^^ with 
56 parts by weight of calciflir. oxide. Tn ?hc oxide Itself 40 pirts 

weight of metallic calcium, Ca, arc combincal with 16 parts of 
oxygen gas, (). This oxide cannot be dccc^nposed by heat. The 
lime burner has, therefeuv, in his kilns t(> drive* off the eomhined 
carbonic acid in tbc form eff a gas, and thus to obtiin the lime as used 
by tbe builder. 

Calcination of Limestone. — rrenerally speaking, the limc'stono or 
chalk, Nxhen placed in the kiln, contains a c(‘rtain jM'rceiitagc* of moisture, 
which has also to be expelled, and tluis the linu* burner can rar(‘ly, when 
the stone* is tlioroughly well burned and all the carbon dioxide is 
ex])elled, obtiin more than half its wn*ight of cjuickliine from a given 
weight of stone dealt witli in the kiln, though in theory the yiedd should 
be 56 per cent, of lime. 

Car^KUiic acid gas is driven off niindi more fively in an atmospbere of 
steam, and for this reason some aiithoj-ities have advised the use of the 
ste am jet in Piine kilns, but we are not aware that this plan has met with 
any measure of practical success. 

Action of Aqueous Vapour. — The action of acju(*ous vapour upon 
the* lime undergoing calcination may be thus (‘xplained : — A vapour or 
gas asc(‘iKls into a sy)ace already t)ccupied by anothei* gas differing from 
it in composition, almost as <[uickly as it would into a vacuum, owdng to 
the law of the cliffusien of gases, which t(*aclies us that the various gases 
have such a ])owerfui tendency to j>ei nH*at(* each other, that, in onler to 
do se, they will fre(|uently oxcrcomc considerahle resisbmee. Water, for 
example, eva[>oivites as readily into dry air as into a vacuum, but this 
tt'iideney is ijjipede<l when the air above it is already charged with 
a(|ueuus vajami*. In the same xvay Avheii the re<i-}iot JiiiK* is giving off 
carBonic acid^gas, this gas escapes much more fre(‘ly into an atiyosphere 
of aciueous vaj»our than into one of carbonic acid gas, for in this latter 
case the C!iij;aping carbonic aeij^ 1ms to ov(*rcom8 the pressure of that 
which has been already exulved. It is true that if we could sub- 
stitute a current of air at a very high k'mperature f«)r the aqueous 
vapour the, result w’o*fld 6e the same, but this would entail practical 
dirticAilties. 

Gay-Lu^i^ac*8 Experiment. — Gay-Lussac, Mie imminent chemist, 
devised an in^*ni<fus ^xpeiiment to demonstrate ^lie effect of iBtearn upon 
the calcination of J^e. He introduced into a lutl’d glass tube, inserted 
in^ furnace w'hich enabled it to be raist^l to |he re(|uired temperature, 
some pieces of broken marble, pne end of the tube was connected with 
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an appiiratws for the evolufion of steam, and the otlier end was furnisj^ed 
with a contrivance' for, coil (*eting the carhonie acid The* ten1^)ej‘atfire 

was then rais(el tf) Uie j»oint at wliieh the marble befjan to l)i‘ rapidly 
ilecompf^ed, and at tliis stai^e by checking the drauglit tlie mass was 
reduced to a Jai'k ne] h(?at, so that all e\ohition of carbonic acid ceased. 
Steam was at this moment permitted to pass tlirough the tubii, and sf' 
once carbonic acid gas Ugain made its apj)earance in considerable quan- 
tities and continued to pass oil* under tlnvse circumstances in a manner 
entirely di'pimdent u]K)n the current of vapour. This experiment proves 
that limestone is dt'coinjxKsial at a far lowi'i* tenqu'rature with the help 
of a<jueous vapour than under oi’dinaiy cii’cumsbinces. Tn an atmo- 
sphere of carbonic acid gas, carbonate of lime, as we know from the 
inv(‘stigations of Faraday and Hall, remains unchanged even at a full 
red heat. 

Composition of Slaked Limo. — AN'lien lime becomes “slaked” it is 
found that TitJ parts by w(‘ight of quicklime combine with 18 parts by 
weight of water, H/), to form 74 parts of calcium hydroxidi*, Ca(OH) ,. 
Great beat is evolved in this process, and the a(;tiou is expedited by the 
use of boiling water. Certain “pioor limes ’^which will scarcely .slake 
or fall to powder when cold water is emi'loyed, will cruurble into dust 
readily if the water is at the Ixnling point. 

Classification of Limes, — Limes are fret|uently classc'd as “ fat ” or 
rich limes, if they readily become slaked- and furnish a large' volume of 
powder, and “poor’ if they are impure and become slaked slowly, 
yielding relatively but little dust. Cases occur, of course, when the lime 
will not fall or slake at all. Certain jsjor lime.s, which are practically 
natural ceunmts, may, if they are calcined at a proper temp(‘rature and 
ai*e finely ground, be (‘inployed as cements. To render these' lime.s 
available for the use of tlu' builder, it is thus necessary that they 
should be ground i>revious to use. 

Condition of Water in Slaked Lime. — The water which combines 
with tl^c lime in the act of hydration is truly solidified, and the hyck'ate 
formed is, when the exact }>ro[)ortion of water necessary for thifi* purpoise 
has been employed, an absolutely dry ,nowder. On addiqg a further 
quantity of water, the bulk of this juiwder is much reduced, and it nia}^ 
be tmnpered into an extremely rich and unctuous. paste. Jf this paste 
is permitted to dry, it shiinks and forms It « porous mass of no great 
hardness, a e 

Dry Slaked Lina© kept from Air remains unchanged. — If the 
hycLate ofv lime is pregei’ved from atiuosifiieric itOtion atlcl placed in a 
^ hennoticiilly sealed vessel, eitker as a dry powder or^nmde up with wafer, 
it unij^rgoesmo alteration whatever, the powder remaining as .such for^^an 
indefinite peidod, and the paste showing^ no sign of change.^ The hydrafe 
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ot possesses in fact no inherent poM^er solidification. Itt proof 

of 4liis Alberti states that some lime taken from ^ mortar-pit in an old 
ditch, aljandoned for upwards of oOO years, was “.'?fcill *so moist, well 
temi)ered, and rii)e that not honey or tin; marrow of animals ^‘oiTld be 
more so.” 

^ Lime slowly recombines with Carbonic Acid. — When exposed to 
tne air, pure caustic lime is eoiivei*ted very slowly and without nobible 
increase of temperature into a rather coarse pow<ler. It is not, under 
these circumstances, wholly converted into a carbonate of lime, even after 
the lapse of many 5’ears, })ut, by the simultaneous absorption of moisture 
and carbonic acid, it is I'esolved into a double compound having the 
formula, according to Fuchs, of CaCO. *f- Ca(()lJ).>, or consisting of (ujual 
e<iuival(‘nts of the carbonate and the hydrate of lime. The carbonate 
thus produc(‘d would se(‘m to n'sult frojii the d(‘compoKiiion of the first- 
formed hydrate, for wheji moisture is wholly e.xcJuded no combination 
between the lime and th(‘ dry carbonic a(*id gas tiik(*s place. In order to 
expel th(' wat('r of hydration, the slaked lime must again be heated to 
dull redness. 

The Action of Carbj)nic Acid mainly Superficial. — Tame made 
from pui’e eai'l)onat(‘ of lime, wluui slaked and used for mortar, likewise 
gradually recombines with the earbonie acid gas present in th(i atnio- 
spluu'c' and becoriies indiirat<‘d, but Ibis action is mainly in the sui)erficial 
layers of the morbir, as the gas penetrab's very slowly. In fact years 
must elapse befon; the recarbonisation of tli(‘ lime is thoroughly accom- 
plished, and in tlu^ ease of thick walls the internal layers of mortar never 
become completely hard. It is nec(‘ssary to distinguish between tlie 
so-eall(‘(l “set” of tin; mortar, which is mereJ}' due to the absorption of 
the superabundant water, and the actual induration by means of the 
carbonic acid gas which is a process of years or of ages in the wise of 
pure limes. 

The Influence of Clayey Matters. — But ahsoluUdy pure limestones 
are •nly met with in exc(‘ptional cases, as nearly all limestone rocks, and 
tl*‘ grSTiter part of tlie chalk formation conbiin varying percentages of 
clayey matters (silicates of alumyia), iron, alkalies, •etc., and it is upon the 
proj^ortion of these ingredients pre.sent that the behaviour of the calcined 
lime principally depends. It is, in fact, owing to the presence of certain 
of thes(* clayey mattei;s, fixst, as we .shall see pointed out by Smeaton, 
that iinies j)ass o\er by gradual stages into the form of cements ; that is 
to sa\’, that these substances so far influence tl^ skking action that 
they may eveiAbri^ig about the ultiu\ate setting gf the mixtive without 
chAngp of vwlume^the characteristic property (as already stated) of 
ceiyentS. ^ 

• Artificial* Admixture of Qlayey Matters. — It is not necessary, 
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howevfir, that the Jimestdhe should liave lx*en tlje source from which 
these claytiy matters yere derived ; they may Iw' conve)"ed to th%calciiied 
lime by admix ture*with it at the time when it is treated with water, or 
they fnay be pfr*oiind up aloiii^ with the lumj) lime bA’ore it is slaked. It 
is this fact whic,h needs eaVeful eonsideratiixi when we have to deal with 
the inrtuoTice of heat on mixtures of lime and chi}', and the nature of tli^ 
chan,i(t\s (‘ifeebsl in the Icln. Th(‘ silica compounds are of a ^ ery complex 
character, and may lx* ])rodiiC(‘d, as wo shall see, both by beat and in the 
humid way. All that is n(‘e(‘ssary for the due action of th(‘so clayey 
niatt<*rH is that tluy should themselves have been roasted or calcined, 
eith(U’ artificially or by volcanic heat. 

Fuzzuolana, Trass, &c. — Cerbiiti of these substances which ere 
added to pure limes to briin; about this action are called ])uzzuolanas 
or ti’ass. These are clayey or silic('ous matters of volcanic oiii^in, but 
roasted shales, brick dust, and burnt clay or ballast, all of them, mon* or 
less, })ossess this inlluenct* on the })ui'e limes, and have the powcT i)f im- 
partinji^ to them the attribute's of cements. 

The volcanic ash found in tin* islaml of Santorin, and known as 
Santorin earth, is typical of many kinds of scoria* which haVe been 
used successfully with fat or pure limes to impart to tlwm hydraulic 
properti(‘s. The proi)ortion of silicate of alumina* in this substioice ’is 
relatively hi^di, and there is much less iron than in the case of trass 
and puzzuolana. 

Silica and its Compounds. — It will be necessary, in order to under- 
stand the chemistry of (*em(*nts, to treat iii'xt of silica anrl its compounds. 
Silica, the oxid<^ of the element silicon, is found very widely distributed 
in nature, sometimes pure but more often in combination with other 
substances, as it possesses strong ailinity for entering into the composi- 
tion of complex salts, known as compound silicates. It plays the part of 
an acid, and ebmbiiies with lime, alumina, iron oxides and the alkalies in 
numerous dillerent propin-tions. It is found that 28 parts by weight of 
silicon, ^Hi, and 32 })arts by weight of oxygen are present in silicic acid or 
silica, having the chemical formula of SiDj. Clay, the silicate oKitumiiyi, 
may be taken as tbertype of the siliet^. compounds, while quartz, flint, 
and chalcedony consist of almost pure silica. Porcelain clay, which 
contains about 47 parts per cent, of silica, 39*2 parts of alumina, AfgOy, * 
and 13*7 parts of water, and correspondif i:o ^tbe cbeinicar formula 
Alp32Si0^f+ 2Aq, with a molecular weight of 258*4, may ropj^esent 
the silicates. There^^are, however, an enormous number of clays in 
which* silica and aluin^ia are present in vei*y vavyin^j pUoportions, and 
which con^n in addition ir^^ui oxides, alkalies, liiue, Ac.o For certain 
of these clays it becomes aUnost impossible to propound any ^Teliable 
oljemical formula, to express their composition ; and alufaina, while it 
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^may combine in certain definite proportions# with the silica as gi base 
is Sso (^pable of acting as an acid, and of combining with lime and 
the alkalies to form cert-iiin more or less unstiiblo tfomfounds termed 
aluminates. • 

Alumina is tlie oxide the metal alunAiium, ^1, hieh^ has the 
tannic weiglit of 27*2, and t^^o 2 ‘in‘ts of aluminium combine with three 
parts of oxygen, e(|ual to 48, to form its onj^" known oxide, termed 
alumina, the molecular weiglit of which is 102-4. 

It will not now be necessary to study in detail the combinations of silica 
and alumina with iron oxides and the alkalies — soda and potash — though 
these compounds play a very imiiortant jiart in cement action ; we shall 
ha\’e to revert to this question hereafter when nvc consider the chemical 
(;hanges consequtmt on the calcination, the hydration and the induration 
of cements of various kinds. 

lh‘stricting ourselves for the }>res(mt, therefore, to the silicates of 
alumina as ty}»ical of the compounds of silicic acid, we may jmss on to 
discuss the modifications brought about in the slaking action of limes 
consequent iqion the ju-estmee of these substanees. AW* will take first 
iiiqiun^ limestones, or such as con^lin a })roj)ortion of the silicate of 
alumina, tog^'ther with certain jiercentages of the oxides of iron tending 
to discolour the lime. 

Intluence of Hoat on tho Silicates. — ^\4ien limes of this character 
— namely, such as are combined with varying j)ercentages of silicates — 
are burnt in the ordinary way in the kiln, the carbonic acid gas is first 
expelled froiri them, as in tin* case of the [nire limcstoiu^s, and tlie clayey 
matters assist in its expulsion, owing })artly to tlie affinity of tlie silicic 
acid for the lime and partly to the fact that the freti and combined water 
in the clay is driven off, and tlie steam iiroduced in this w^ay facilitates, 
as alreirdy stated, the exjml.sion of the carbonic acid. There is thus a 
double change to be effected in the kiln, and the exjiulsion of the w'atcr 
from the hydrated silicate of alumina in tlie clay may go on side by side 
wili^i the dispersal of the carl ionic acid. 

• ‘mt- Calmnation of Clayey Limestones. — These clayey Innestones 
ai-e thus burnt more readily tli^ii the jiure limesfeones ; they also require 
less fuel and less time. But wdien the heat is sufficiently prolonged, a 
further action takes place in the kiln, the silicic acid and tho lime react 
upon one another, ancj^ eitl^r produce a new compound, termed silicate of 
lim^ or so W further the formation of such a silicate that,^in the addi- 
tion of water, this compound is formed with groj^t rapidity. The silica 
combined wiAi aiunikia and iron oxides in th^ clay passes^to the lime 
when the carbonic^cid is expelled, and po doubt portions of the silica 
are seized upon by the red-hot lime, whfbb ih in what chemists term the 
nascent state,” and i.s, therefore, in a condition eminently well fitted to 
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form ft’esh cheiniciil compounds. Similarly the alumina and the yon 
oxide act as feeble acyls, and combine with a portion of the lim^ to fCrm 
aluminates anS feft’ites of lime at the temperatures found in the cement 
kiln. * Tjjie calciruid mass, if it is then brou^dit into a ^ ery finely-divided 
condition, can n'adily be a(.*ted upon by wafer. 

Action of Water on Silicates formed in the Kiln. — In using, f^ 
sti’uctural purposes, linfes of this characttn*, therefore, a frcsli set of 
affinities comes into play. AVe have, fii-st, the affinity of the (juicklime 
for watei*, and, sec(jndly, the aflinity of the hydrate of lime and the silica 
and alumina to enter into combination. It must be pointed out that this 
second reaction can and does greatly change the violence of the affinity of 
lime for water, and that it is possible to so “deaden,” if we may thus 
term it, tb(; action of quicklime that, upon th(‘ addition of water, instead 
of heating up and falling into powd<*r, it may pass (as we have seen) into 
the condition of a hydratt‘d silicate, without perceptible heat, and with 
little oi* no change of physical condition. 

Stable Compounds formed by Hydration. — The hydrated silicates 
of lime thus produced arc* not liable to be altered to any appreciable 
extent wb(‘n exposed to the prolongc'd action, of water or of the atmo- 
sphere, and the eompounds of lime with .'•ilica and alumina Hhus afford a 
durable cementing mab'rial, suitable also for hydraulic piirpos<‘s. ft 
must not be forgotten that the lime which enters into combination with 
the silicic acid pass(*s from a slightly sciJuble info an almost comph'tely 
insoluble condition, and it will be observ(‘d that the aettion of induration 
differs entirely, in the case* of e(‘ments, from the slow and tedious harden- 
ing of common lime* mortar, due to the grudiud recombination of the lime 
witli the carbonic acid gas present in the atmosphere?. 

Character of the Kiln Changes.— It will have been noticed that we 
were careful to state that tin? lime, as also the silica, the alumina, and the 
iron oxides, eitlier entereil directly into fresh chemical combinations, or 
that they temded to promote the formation of silicates and other com- 
pounds for the changes brought about in the kiln, and t^>e suhst^ifent 
reactions which take place v hen watei’ is added to the calcined materials 
ai'C very conqdex and 'difficult to investi|gate. It is evidenl^ from very 
simple tests tliat, even in the ease of cements of the Portland tj^pe, , 
eousiderabli* quantities of lime remain in a condition under which 
they are capable of combining immediately Vitlx wat(*r, or^ in a st«^e 
in which sujh lime is free to be ack*d upon or to undergo fuftber 
chemical change. « Tn. a well-lnirnt sample of intermetha^ lime the 
silica has assumed tlujt form in Avhich it is Wuble^in a boiling 
solution of carbonate ”of soda; after treatment witlf Jiydrdbhloric acid, 
for clay which has been c^ilciin^l in contact Avith lime or other nSeta^ic 
oxides is readily attacked by the acid, a^id the silica liberated assumes 
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l)he<gelatiii()us condition, or that in whicli it can freely combine with 
the*alkal?es. During th(' calcination, therefore, •f hy(li;^iuli(; Ihnes a 
stage is reached when, after the expulsion of the- cvirhonic acicl^ the 
.silica and the aluniina of the clay on the oi^i* hand^an^ the 4ime on 
the other are in a conditiofi to mutually react upon one another, 
il^l to form compounds capable of being re-arranged in the pri‘.sence 
of water. The most recent oi>inion is that iif well-made samples of 
Portland cement we have a tri-calcium silicate in conjunction with a tri- 
calcium aluminate. If a small ijuantity of the lime is combined with the 
iron oxides as a calcium fcrrit(‘, the.se compounds would together account 
for the whole of the lime present in the original mixture. Wi* are not 
able to state very definitel}^ tlu* jiroportions of these combinations, Vmt 
this fact is cei'tain, that at this period of the calcining process a very 
slight incr(si.se of h(*at suthces to fuse or jiartially vitrify the mass, 
in which case comjileb' combination between the lime and silica has 
undoubtedly biken place, and the .silicat<‘s produced in this way by 
heat manif(‘st but little bmdency to uiuhu-go any change wlum treated 
with u^ter. Tt is, therefore, most imi)orta.nt not to oviuburn or, as 
it is termed, to “clirik(‘y'’ th<\se intermediate lime.s, though in the 
manufacture *of Portland cenumt it is (‘.ss«'ntial that the .sbig(' of in- 
cipient fu.sion .sliould be atbiiiKsl in the kiln. 

Action of Impure Limestones when Calcined.— Some clayey 
limestones arc much more liable to fuse than otlau’s, and it has been 
I pointed out that those in which tlu'. jjroportion of iron oxid(*- and of alkalies 
is large are most ex])osed to this risk. I'ln* glass-like or vitreous .silicates 
foriiK'd in this way by heat ai-e generally pi’oduced only on the surface of 
the Jumps of overburnt lime, and unless such lum{).s arc carefully jiicked 
out and cast aside when the lime is being made into morbir, they may lie 
the .source of much subsequent injury to the work, first by the retarded 
slaking of particles of lime enca.sed in the inert silic«t('s, and .second by 
the more gradual hydration of certain of the.se complex silicates which 
may^be attended by slight increase in bulk, tending to the di.^'uption 
of*the mass. 

Limes iw-ry widely in tliefr behaviour witli Water, — It will be 
#un(||’r.stood that, between the pure or fat limes, whieli slake in the 
ordinary way, and the true cements which .set without change of volume, 
there are an jnfinite nurmbtif of varieties of lime.s which incline in one 
direcMon or the other to rards the.se two extremes. Thel^e are also 
numerous hj^iljaulic lime.s vhich first fall to pieces Suring the act of 
hydration, and wMch subsequently .set and become indurateif when the 
efFeci of the Silicate.^ come.s into play, jef this category belong many of 
the# limes of ^he lias formation, and ccrdiin erf the grey limes of the 
lower chalk. 
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Definition of the Efiergy of Cement Action. — The energy of a 
cement depends upoi^tli(‘ nij)idity with which the lime and tla? silica, or 
the lime and the* alumina, comhine in the presence of water to form 
stable compounds, ^ or with which the ready-formed silicates and aluminates 
become bydral(‘d when \fatei* is Jidded. We have thus the quick-setting 
cenu'nts of the llonian cement type, wliicli beciomc indurated mainly Ijf 
simple hydration in a €ow minutes, and the dense cements r(‘sembling 
Portland, which de[»end for their indui*ation on a re-arrangment of the 
sili(iatcs, and which may tjik(‘ as many hours to s<‘t as the former 
substance do(‘s minutes. 

Tt should be hen* noted that wlnui we speak of the setting of cements 
we imply tin? act of induration and not the mere absoi’ption of tlu' water, 
which is most characteristic of the im])erfect setting action of a lime 
mortal*. 

The Influence of Calcination upon Cement Action. — The cal- 
cination of these \ai*ieties (d* cenumts })lays a very important part in their 
subse(juent behavioui*, when teni]K‘r(‘d with watiu*. Thus it is possible 
from the same clay-limestom* to prepare 

(ff) A hydraulic linn* : 

(/j) A (luick-setting cement : and 

(c) A cc'inent resembling Portland cement in character. 

At a low temi'eratui'e in the kiln tfie mixtures of lime and clay ha\e 
not mutually reacted the one on the other, and we obtain a material in 
which the energy due to the hydration of the lime oN'ercomes the 
tendency f)f the silicic acid lo enter into combination with this lime, 
under the agency of wat(U*. 

A\’hen the s(‘cond shige in the calcination is reached the silicic acid is 
liberated or j*endered capable of attacking the linie, yielding a cement 
which sets with comparati\e rapidity. While, lastly, under still more 
intense firing, the stage of calcination is approached wdien silicates and 
aluminates are formed in the kiln and when the material acts lilvc a 
Portland cement, and when the iron, moreover, which tad dftrilig tlie 
first and second degiroes of ealcination^remained in the condition of a 
peroxide, passes into that of a protoxide (as is ahvays the case in perfectly 
prepared Portland cement). This change in the oxide of iron is T)nly 
effected at very high temperatures, and furi1t$lies a certain indication of 
the prodiu^tion of a tlense slow -setting cement. If, in the case ^ this 
clayey limestone^ the clay had been less in quantity we should have 
obtained a hydraulic Ijme which would slake with cljffiefdfy, and wdiich 
would be iiable to the evil vffects of “ after-slaking.” If Ahe proportdon 
of the biises contained in the«cfay, relatively to the amount of siKcic acid 
present, -had been greatei*, the mass would have probably bbcome vitrified 
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or partially fused before the temperature nect^Jisary for the final st«i<ye of 
calcinati(^ was reached. , 

Condition of the Silica Important. — TJie coivf^tion of the silica 
present in impure limestones has an imporbint influence on th^iiAaliic 
when employed for the mamifactiin* of hycfraiilic Inne. Any silica 
^istin£^ in the uncoinhined shite as quartz sand is unacted upon by tJie 
lime at the comparativelj^ low temperature of th# kiln, and consequently 
after calcination it does not separate as a sjelatinous bulky mass, as is 
usual with the silica in samjiles of hydraulic lime, when tri'ated with 
hydrochloric acid. FurtluT, it is unact(‘d upon by a boilin.uf solution of 
sodium carbonate, an«l it is not in a condition to mitei' into combination ; 
it is present, in fact, simply as inert niatUn*. Tn ordm’ to confer hydraulic 
proj>erties upon the lime much of the silica, must, lu'fori' burning;, occur 
in combination, preferably ^^ith alumina. 

iVIany of the beds of impure limestone in the carbonifm’ous deposits 
contain friH' sili(;a as sand in con.sid(*rable ijuantity. Lime ]>ivpared 
from .stone of tliis de.scription is ea.sily reco, ionised by its friable granular 
appearance, whih', on the other hand, that which is burnt from stom* in 
which tlje silica exists in combinali m with otluu* substances, as is the 
case in the It'ds of the lias formation and in some of the carboniferous 
deposits, has a dense, clo.se, even stiaicture ; the lumps of (juicklime 
ringing when struck together. 

Analyses of Hydraulic Limestones and Lime. — Tla^ following 
are analyses of blue lias hydraulie limestones of excellent ({iiality, No. 1 
being from the neighbourhood of Kewqiort, JMonmoutlishire, and No. 2 
from Leicesti'r.shire ; — 


No. !. No. “2. 


Silica 

. 7:ui 

9-680 

Aluniina, .... 

. 2-615 

2-827 

Ferric o.vide, 

•560 

•506 

Iron disulphide, . 

1 -140 

-670 

Calcium carbonate, 

. 86-01)5 

S2-1-JS 

^alciun^sulphate, 

*275 

2-12^ 

Calcium pho.sphate, 

•087 


Magnesium carbonate, . 

6-(?)5 

-1.64 

Potash, 

•.j!) 7 j 

1 

Soda, . . ^ . 

-.sis! 

Not determined. 

Loss on ignition, . 

•864 ) 

1 


100 116 9?-824 

The followiig mre ifhalyses of the blue lias hycii^aulic lime oi Leicester- 
shire, No. 1 ^roundi No. 2 lump. The iieds of •stone burned for the 
pr^ar^tion of the ground lime contain ifiore ^lay than those used for 
the lump lime. and. after hurninir. the lime w'^ould cither slake witli 
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(lifficifjty, as described in the preceding paragraph, or it might ^^not 
slake i^t all. ^ When eground and stored for a short time, th(« material 
possesses tlie properties of a cement, sc'tting and hardening witliout 
percepti(^)le alteration in volume. Both of these limes liave attained a 
deservedly liigh repubition as water limes 



No. 1 

No. 2. 

Insohil)le siliceous Inattor, 

. 3'603 

1 -031 

Silica, ..... 

. 17-496 

12-230 

Ferric <»xi(lc, .... 

. 8-972 

2-907 

Alumina, ..... 

. 5-120 

4-640 

Lime, 

. 57.393 

72-980 

Magnesia, .... 

•618 

2-479 

Sulphuric acid. 

. 3-153 

1-775 

Potash, 

-862 

-641 

Soda, 

-.346 

•203 

Loss on ignition, 

. 2-480 

1062 


100 043 

99-948 


The Influence of the Alkalies.— We have still to deal with the 
alkalies and their combinations as afieeting cuumuit action in conjunction 
with lini(\ The ijiopoi tion of alkaline matters present in the clay used 
for ceinent varies, as we shall see later, very eonsid(‘ral)lv ; but tiie 
presence of the alkalies is of the utmost importance' to th(‘ cement 
manufacturer, foi' many of the chemi^l chani*es upon which ho relies 
ar(' Jai'gely assisted by the formation of alkaline compounds. It must 
be 1‘emembcred that the potassium and sodiun) silimtes are tin* only ones 
which are soluble, and th(‘ alkalies thc'refore act as carriers of the silicic 
acid to th('. lime and the alumina in the pn'sence of water. ^Moreover, it 
is, as already sUited, a well-known chemiail fact that silica when acting 
as an acid Inis a great tendency to enter into combination with a group of 
bases rather than with any single substance. It is probably for this 
reason that compound silicate's of lime, alumina, iron, and the alkalies 
are so readily formed in the kiln. 

Fremy’s Experiments.— From the experiments of^^M. Fiemy, ^to 
which Ave shall refer .d considerable lei;gth when we considei’ in detail 
tlie kiln changes during the calcination of Portland cement, it appears 
that lime and silica react upon each other at ,a much lower {em-^ 
peiature than lime and alumina; silicates U’ lime being produced at 
temperatures below 700" Centigrade (1,292° Fahrenheit); whil^ the 
alumina and lime tr the silicate of lime and alumina only begin 
to form double compounds when that temperature exceeded. The 
heat of the kiln at which incipient fusion takes place isi about 1,600° 
Centigrade (2,912° Fahrenheit). It seems, however, probable ^lat 
alkaline -mattei’s have the property 1;p influence the reaction of the 
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Ame, alumina, and silica, as also that of the iion oxhles, in the coAient- 
mat^rial »t much lower tempei'atures, acting in the nature of liuxes, 
and we think that the knowledge derived from tJxperiments with 
lime and silica, or ihiie, silica, and alumina in the absence ^^ot’ the 
alkalies, is liable to be misJeasliiig. Tlie alkaliCs, after tlie}^ have done 
tl^ir work during the earlicu* stages of the calcination, being relativt*ly 
volatile, are to a considtM'able extent driven uR when extreme tem- 
peratures are reached, and they are fo\ind only in small (jiiantities 
in well burned cements. W'e shall treat of this question hereafter 
when discussing the induration of cements. 
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uiiAru^.ii II. 

THE BURNING OF LIME. 


CoNTi'.NT.s.— E.sscnlial Coiulitioiis to Le Ol)servod — Coninion Kilns — Continuous or 
Sliaft Kilns— Soparatijui of the Fuel from the Lime Products — The Riiders- 
dorf Kiln -The Hod’mann Kiln. 

Essential Conditions to be Observed. — Tt will be evident, from the 
.study of th(‘ chemical facts couUiined in the foregoing chaj^tcr, that the 
pri'paration of lime, for tlie builder or the farmer, is a very simple 
operation, and the proce.ss of lime-burning, thougb an art of tbe bighest 
anti(iuit3^ has not received tbe sanui amount of care and attention as 
that <le\ot('d to the manufacture of cements. The lime buiaier has 
merely to expel the carbonic acid, and lie is not called upon to study 
the very complicated reactions involved in the production t;f cements. 

Antiquated Form of Kiln.— The earliest lime kilns were yirobably 
merelv pits oi* hollows sunk in the ground, or excavated in the face of a 
bank or hillside, in which the lime«to^le or chalk could be laiscd by the 
heat of burning coal, peat, wood, or other fuel, to the temperature needed 
to expel the carbonic acid. The.se crude kilns were often line<l with* 
some refrac'tory material — brick or stone — and, where fuel was costly, 
devices were introduced to drive the heat through a (jonsiderable (^epth 
of the raw inatei’ial, for which purpose a conical hood or chimney was 
added, and the body of the kiln or “shaft” was lengthcmed. The first 
kilns were doubtless of the intermittent type — i.e., the kiln charged wdth 
the raw maUnual was burnt out and allowed to cool. The lime was then 
drawn out, and a fresh charge of raw' material was introduced, to ^be in 
turn converted into lime. This process, in w^hich there is a great wpte 
of heat, is still in common use in manji^^parts of the country, but in some 
])laces the old-fashioned kiln has given place to the so-callecf “ draw kiln,” 
or running kiln, in which the firing process is continuous, in order tb 
ehect wdiich the total height of the kiln is g-;^atly increased. 

There .is ahvays, at the top of the draw' kiln, a charge of raw- materials, 
becoming gradutlly .heated by the surplus heat from the calcination of 
the *stonQ. into lime, jn the central or hot zocie, Jienjath which the 
calcined -stone is in turn getting .slowly cooled <^own so as to permit 
of its extraction at the bottomof the shaft as burnt lime. 

Forms of Continuous or Draw Kilns. — Kilns of this type may^ it 
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IS e'yclent, be arranged as vertical shafts, or the heat may pass horizontally 
throwgh a^tunnel, one end of which is the firing em), for the insertion of 
the raw stones and fuel, and the other end, nearest to tfie exhaust fine, or 
chimiiey, b(?ing used f5r tl»e removal of the calcined mat(‘rial aftey lleing 
converted into lime. If a lK»*izontally-fired kifn of this type is built in 
t^ form of a ring, we obtain the annular continuous kiln patented by 
Hoffmann; or if the kiln is a mere straight AunmO, with a moving 
charge, we have the plan j>atenti^d by Bock. 

Separation of the Fuel from the Lime Products. — Tn order to 
obtain the lime free from admixture with the ash of tlK‘ fuel, and thus to 
secure a material which shall present a better apjx'aranee and command 
a highei price*, various i»lans of firing have been ]>ra<‘tised. They all aim 
at conveying the heat into the lime from a separate fire-chamber. The 
well-known “ fiar(‘ kilns, ’’ in use in the south of England for burning the 
chalk lime, are familiar examples of this j>rinciple, and in these kilns the 
fuel is burnt on fire bars beneath tin* charge. In loading the kiln, which 
has to be dom* by hand, rough arches ar(‘ formed out of some of the 
larger lumps of chalk, so as to serve as fire-chambers, the heat from 
which strikes upwards throughout the entin* mass, gradually converting 
the whole kilfi-charge into lime. All kilns of this type involve the use 
of a rather larger quantity of fuel than those where the fuel is inter- 
stratified or mingled with the raw mat(*rial. 

Shaft Kilns with Separate Fireplaces. — Even in the case of 
running kilns or draw kilns, it is <|uit(‘. possible to provide fire-chambers 
surrounding the hot zone of the kiln, in which the fuel is consumed free 
from actual contact with the stone, and the products of combustion pass 
from the fireplaces inGi the central shaft. Tn some cases the kilns con- 
structed on this j)lan aic of very large dimensions, and the firing is so 
arranged that the amount of heat lost is ^•ery small. It is, howev(*i', 
evident that a certain amount of heat must pass into the walls of the 
fire chamber, and thus lead to a ’waste of fuel, although a well-designed 
cont^iiuous kiln, with outside fires suitably disposed, will produce a pure 
clean lime, free from ash, at a relatively small cost. 

Advant^e of Aqueous "SJapour in the BKln. — The fact ascer- 
tained by Gay-Lussac, and mentioned on ])age 3, that aqueous vapour 
may be made to play, an important part in the expulsion of carboni(! 
aci^l, should be remembo^^d in connection with lime burning. In 
nearljfc all cases the stone or raw material contains natun^ly a largo 
proportion of moisture, but in some forms of vnjrtml kilns all the 
moisture is diXen»off “in the upper part of the kiln, before th# hot zone, 
which is in lihe vicinity of the furnace «hambert5, is reached, and in 
suc}^ caOSes the burning can 1^ to some e^ftent facilitated by the intro- 
dhetion of steam into the kiln ajpng with the air needed for combustion. 
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Exptiviencecl burners ofta wet the stone before burning it, whicli is ^ 
rough and ready w ay of attaining tliis o}>jeet. ^ 

Choice cti Kilns for Limes of Different Kinds. — The choice of a 
suibible kiln for burning the liinestoiu* jnust, t(x some exbmt, depend 
uj)on tlie chc^iuital composition of the r^iw' material. Ceitain of the 
l» 3 "draulic sliah‘s of the lias .scu'ies, tlie elialk marls of Cambridg(‘shire, and 
the cliiyey limestones o|’ th(' coal measur<‘s, are liable, if the calcination^is 
conducted at too high a lem])(‘rature, to become pai tially fused, and in 
this condition to cake together and to obstruct th(‘ draught; or, in 
running kilns, to cling to th(‘ walls of the kiln, and thus render the 
dow'invard movenumt of the contents no longer possible. It is manifest 
that lim(‘stones of this kind nsjuin' very great care in burning, and 
would l)e difficult to calcine in shaft kilns, unless spe(;ial arrangements 
were provid(‘d foi' acc(‘ss to the licated mass in the vicinity of the firing 
zone. A kiln which is admirably adapted for burning a pure chalk or 
a mountain limestone would no doubt j)rove «juite unsuitable for the 
calcination of these mor(‘ fusibh* substances, and its introduction for this 
purpose would probably })rove a failure. 

The Admixture with Ashes. — For many purposes for which lime 
is used commercially, it is very impt>rtant that it should ^Jbe as pure as 
possible, and fn'o fiom th(‘ ash or clinker arising from the fuel. Th is 
perhaj)s loss (‘ssential now' than w’as formerly the case that tlu‘ linn' used 
by the builder should be k(‘]>t apart frj^i the ash of tlu? fuel, as in nearly 
all important w'orks it is customary to prepare the mortar in a mill, 
w'hich w'ould crush uj) these substances along with the lump lime and in-^ 
corporate them in the mortal*. For the use of the plastei-er, the liiiu' is 
slaked and run through a sieve, by which means all the impurities and 
underbui’iit parti(;les are eliminated, A much betb'r looking lime no 
doubt results from the use of kilns in wdiich all contact w'ith the fuel is 
avoided; and although the cost of doing this adds, as we have seen, to 
the ex})ense of the burning, it is certainly wwth while to endeavour, if 
possible, to keep out the ash and clinker. ^ 

Cdntiuuous Shaft Kilns. — This fact has led to inahy recent inven- 
tions for kilns in wdii<:h the lime is caused to pass down a shaft, and to ho 
acted upon by furnaces or flames in the course of its progre.^^s. In nearly 
all of these kilns it becomes a matter of necessity to provide for a*-verj’ 
considerable column of the material under,^.reatiuent, becaus(i space is 
needed (a) for a charge of raw' material to be dried and heated b}^ the 
superabundant h,eat^of tlu' materials undergoing calcination in the hot 
part of the kiln ; {b) for a stratum of limestc^ie at the level of the 
furnaces,^ which must V' maintained for some tinm at a^dull red heat; 
and (c) for a space bcneatlj vhe firing zone in which the limp can be 
, cooled down suffieientlj* to })ermit of its removal at the lowest level.*^ Xo 
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wor^ a kiln of this tyije with the utmost ecoiioiTiy, it has been fount^ that 
a total hd^ht of from 30 to 50 feet is needed. is not expedient to 
increase the internal diameter to more than from 7 to 8 feet, excej^>t in 
the ease of a pure limestone ; and N\here the height of the shaft^'xceeds 
40 feet, the process does not twiswer well, except, with liard stone. Th(* 
dyiger in the use of lofty kilns is the risk of tlie formation of pipes 
or chimne^^s, through ^^hi(•h the draught rusli#s u})wards with great 
rapidity, leaving a considerable j>art of tlie charge either in a i-aw state 
or very im}>erfectly calcined. Wlicn the wind ha]>pt‘nH to be direct on 
to the draw-holes, scriums or shutters are nec'ded to moderate the 
draught, and unless in the hands of skilful and conn)etent burners, lofty 
kilns art' wasteful and unsatisfactory. In any case it will be found of 
advantage to providt* for the admission of air all round the bast* of the 
kiln and at several dilferent h‘vels, and to enable the burner to control 
the air inlets b}’ means of shutters or damptu s. 

Tho Rudersdorf Kiln. — All writers on lim(‘s havt* desciibed the 
draw kilns of Hudersdorf, whicli art* typical t»f many of the Contint'nhil 
atti'inpts to rt'duce the amount of fin*l nt‘t*detl for calcination. Tho kilns 
at Kudersdorf are polygonal (5- or (’ ^-ided) on plan, and consist of a 
ceiiti'al shaft ^vdiich is composed of dt)uble truncated cones joined at the 
bases, the diamet(*i-s of which vary frtun 7 feet at the narrowest ])art, at 
the top or charging level, ft) 10 feet at the brt»adest part of the hot zone. 
Just above the tire-chambf'rs. From this level the kiln-shaft contracts as 
an inverted cone to the* base, wli(‘re the calcined lime is extracted about 
every fen or twelve hours, in (|uantities of some 50 cwts. at a time. The 
fire ])laces, which are constructed in the thick hollow w^alls of the kiln, 
are five or six in numbei', and communicate with the kiln-shaft by arched 
op(*nings. The total height of the shaft is about 40 feet, and it is about 
10 feet from the base to tlie level of the fire-chambers. Arche<l passages 
surround tlie base of the kiln, and in them oj^enings are provided through 
which to draw out the calcined lime. The thick walls of the kiln arc 
carr^d up so to form a level jdatform at the top, to which the* stone 
is raised for charging purposes. 

The proj^^rtion of fuel to bumt lime is set down at one to four. The 
^uel,^ which is very inferior coal, is burnt on firebrick perforated grates, and 
only the flame and products of combustit>n can enter the kiln-shaft. The 
aslj falls into a pit beneaVl'i' the fire-chambers, and is from time to time 
remowd by special openings provided with shutters. In recent modifica- 
tions of the Rudersdorf kiln the fireplaces ha^e givfn ^ace to generatf>rs 
for producer-gj^, fwid t?ie shaft is provided with a«cone or chiiiAne}’ like a 
Portland cement lyl«, and the modern kikis are AiTanged for a much 
larger (Output, as much as 10 to 15 tons per dienyn some cases. The coal 
c6nsumDtion mav rantre from 25 to 36 per cent, of the total output. The 
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drawing takes place at regular intei'vals. The kiln introduce^ by 
Fahngfijelm ijj the^hutcst type of this mode of construction. Tt'ls fire'll by 
ineairs of gas pi-odiiced in ii gem'rator. 

Ihoi liofiinann kiln ^^has bt*cii iisesl with excelhuit r(*sults foi’ lime 
burning, though of course* in this case iheif* is an unavoidable mixing of 
the ash f»f the fm*! with the lijiu*. The* Dietzsch kiln is also (‘mployed t)r 
burning lime, and in ftiany parts of the* (\)ntinent it is usual to burn 
bricks and lime in the same kiln. I )escrii)tions of the above* kilns will 
be found in the cliapter dealing with the calcination of cenu'iits. 
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CHAPTER 111. 

RETROSPECTIVE AND fliSTORICAL R'feviEW OF THE 
CEMENT INDUSTRY. 

Contents. — S juruton's Discoverirs— I’l.utu al IAjk-i nufiil.s — Cause of Hy«lniulieitj' 
— Use of Trass and Pu/./nolaiia— Composition ot Mortars — 1’arker‘s Patents — 
Pasl'v's Te-'ts — French .iml Eiigli.sli C*‘dck- set tint; Cements — Kosendale and 
AmeiK-an Natural Cements— Vieat’.s Artitieial Lime— Frost's Patents -Earl}' 
Cement Works. 

Smeaton’s Discoveries. — As we Lave stated in our ojveiiin^ cLa}>ter, 
tlie in\ estinatioiis ut‘ Sineatoii iindmiLtedly pavtal the uay for all tlu; 
jnoderu iuijiruv eiiients in the treatment of limes and cements, and led to 
the oN^erthrow of theories and jirejiulices which wtn*e as old as civil- 
isation itself. 

The di.scuf cries of Smeaton, thoutrh they took place alioiit 1750, were 
not ])iihlished until many years lat(‘r. In fact it was not until 1791 that 
he described his exi>ennients, in the third chapter of Book TV. of his 
Karra fur of the Uaildhuj^ of the EddifsiotLC Liyhthouse. 

Smeaton tt'lls us that havin^j; been tau^i^ht a simph* method of analysis 
by ^ir. Cook worthy (to whom, by the-bye, we owi* the first use of kaolin 
in this emintry, discovered liy liim in Cornwall and with which he 
suliseipiently jiroduced the liighly-judzed porcelain of Plymouth and 
Bristol), he tested many varieti(‘s of lime, and soon found that the 
“aefjuisition of hardness under water did not depend upon the hardness 
of the .stone (from which the lime was made), inasmuch as chalk lime 
ajijieared to he as good as that burnt from Plymouth marble, and that 
Ahefthaw lini^; was greatly sup(;rior to either for acjuatic buildings, 
though scarcely so hard as Plymouth marble.'’ 

Smeatoi^’s Practical Expefiments, -Till thfs jioint Smeaton had 
^leen guided by tlu* experienci* of the }»ast, for all writers on building, 
from Vitruvius to Belidor, had inairitixined this theory — viz., that lime 
buy it from dense hard stwne made the hardest mortar. But Sineaton’s 
practical tests ujiset all these tradition.s, and he sought for s^ine better 
explanation. ^ He goes on to say “ I was very de.sil^)U^f to get some light 
into some of ^le •sen.'^ble qualities that miglit# probably ociMision the 
difference, or ;|t lei\,s^ he a mark of distiiiotion.” He then proceeds as 
follc^ws f — 

‘‘ Perhaps iiottiing will better ^sliow that the qualities of Jime for water 
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raortJir do not depend on hardne.ss or colour tliun a comparison oj the 
white Jias of ^8omer;i(*t.sliire (wliich, thoii^di approaching; to a Itiiity hard- 
ness, has yet a cfialky appearance) with wliat is called near Lewes in 
SusseXothe chinch lime ; a kind of lime in <;reat rejiute there for water 
works, and indeed desc'rvedly so. This f.s no other than a species of 
chalk, not found like the lias in thin strata, Init in tliick masses as clu^k 
<;enerally is ; it is consiJerably harder than common chalk, but yet of the 
lowest de^o'ee of what may be denominated a stony hardness ; it is 
heavier than common chalk, and not near so white, inclining; towards a 
yellowish ash colour. This stone wbmi analysi‘d is found to contain 
part of its wei<;lit of yellowish clay, with a small (piaiitity of sand 
seemiiif;!}' of the crystal kind, not quite trans))arent, but intermixed with 
red spots.” 

Hydraulicity Depends on Presence of Clay.— “ TTencc tlie fitness 
of lime for w'ater biiildini; seems neither to dejxuid upon tin* hardness of 
the stoiK', the thickiK'ss of the stratum, nor the bed or mati'ix in which it 
is found, nor im'rely on the (juantity of clay it contains, but, in binaiing 
and falling down into a [lowder of a bufi-coloured tingi', and in containing 
a considerahle quantity of clay ^ J have found all the water limes to agree. 
Of this kind 1 es((‘em the lime from Dorking in Sui’rey to ix' : wliich is 
brought to London under the idea of its being burnt from a stone, ^ and 
in eonse(|uenei‘ of tiiat, of its being stronger than the chalk lime in 
common use there ; though in fact is a chalk, and not much harder 
than common chalk, it contains -jL juirt of light coloured day of a. 
yellowish tiiigis” 

Colour not of Itself a Sufficient Indication.- -“Then* is in Lanca- 
shire a liiiK* famous for water liuilding (vdled Sutton lime ; 1 have lately 
had an opjiortunity b}’ favour of John Gilbert, Escp, to get a sjiecimen of 
the stone in its natural state. 1 had long since seen it in the Duke of 
Bridge w'ate’i's wxirks, both in the burnt stone and slaked, made up for 
use and in the water. 1 observed that it agr(‘cd w ith the lias in being of 
the buff east. The stone itsidf is of a deep brow'ii colour, and the piece I 
have is from a stratum about tl inches thick, with a white clayey joat 
on each side. The goodness of the juality as w^ator li;xip does not, 
therefore, consist in the colour before it is burnt ; for w^e have already 
seen blue, wdiitish, and now' brow'ii, to be till good for that jiurpose, but 
they all agree in the colour or hue after they are burnt and quencjied : 
and havirg analysed the Sutton limestone I find it to contain not only 
near part of the Viriginal w'eiglit of the stone, of brown or red clay, but 
also, -jb ef fine brown sand, so that in mility I have seen no lime yet, 
proved to be good for water building, but what rp examination of the 
stone coiitained clay : and though f am very far from laying thisr dojj'U as 
* See Dorking Stone lime, Appendix E. * 
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ail ^xsolute ci’iterion, yet I have never found avUj limestone containing clay 
i'n. a? ctnisMcrable quantity hut what iras good for u'atgr building^ and limes 
of this kind all a^a*ee in one more pro])ertv, that of bein^^ of a dead 
frosted surface on “breaking, without much appc'arance of ^sinning 
particles.’ • 

^ Uso of Trass and Puzzuolana. — In the same sjurit of painstaking 
research Simviton experimented uith mixtures#)! lime with trass and 
puzzuolana, which substances were known at that day to impart to fat 
limes hydraulic pn)i)erties. For reasons, which he (‘xplains, he rejected 
the foniHU’ and employed a mixture of blue lias lime from Watchet and 
juizziiolana in eijual parts, as this was, be conceived, the best water 
cement tliat could possibly be made. He lik('\sise tried many other 
substances mixed with lime, such as the scales frt)m a smith’s forge and 
calcined iion ore. 

Till* lime of Wafehet, which he had found to be identical with that 
of Abeilha-w (the beds being merely intersected by tin* estuary of the 
Sev(‘rn), In* (*aused to be slakisl on the spot with just sullicient wniter to 
enabh* it to fall down to a line }»owder, and this slak(‘d lime was then 
j)aeked in water-tight casks and sent to Flymouth, W'ln'nce it w'as con- 
veyed to the ^'iddystone rock for use as reejuired. 

The Varieties of Mortars used by Smeaton.- Smeaton gives an 
intcr(“'ting table showing the composition of the various kinds of mortar 
he <'m[)loyed, as also the cost of each : — 


\Viiiclii‘«ti*r Imslu'ls ty 
stiikon measure of 


Jfo. 

1 

Niinic (»f tilt' Mortar. 

Eddy stout* mortar, 

Slak»'.l 

liriif 

o 

ru//u> 

oIhiiii 

r 

' 2 

Common 

Sami. 

No, of 
cubit' 
foot. 

2-32 

Expoiisu 
lic'i' cubic 
foot. 

B. (1. 

3 8 

O 

iStone mortar, 

2 

1 

1 

1 2-68 

2 4 


2ud sort, 

2 

1 

2 

! 3-57 

1 4 

4 

Fact* inet tar, 

2 

1 

.3 

1 4-f;7 

• I 4 

•o 

,, 2nd sort,, 

backing mortar, . . 

2 

i 

3 

1 4-17 

1 1 

6 

2 

I 

• 3 

1 4-04 

1 

0 n 


^ ^Smeaton is said by General Pasl(*y* in his well-known work, to 
which we shall often ref^r, to have been the first English engineer to 
use pyzzuolana, which he read of in the w orks of Eelidor, but^or want of 
chemical knowdedge Smeaton failed to appreciate ^le ^ull significiince of 
the facts tha*t fte l]^d observed. ^ ^ 

Parker’s ^Patent in 1791. — Within a^very few' years of the publica- 

%Ohftrvation^ on LiniM, Calcareous Cements^ Zlortar-^^ l^tuccm^ and Concrete. . . . 
By C. W. Pasley, C.B. London, 8vo. 
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tion rtf J^meaton’.s work find the record of Parker’s inx ention of^the 
cement made^fi’om V certain stones or argillaceous productic^s.” 'His 
name, indeed, first a])pears in the “Patent Library Index” in 1791, 
when Jjjmes Parker, of Christ Cliurch, in the County of Surrey, claims, 
in Patent No. 1,S06, tiicTsole j*ight to einji^oy ‘^acei'tain nuiterial never 
before made use of ’’for “burning bricks and tiles, and calcining cliaijc, 
earth, stone, and limestone.” This he discloses in his specification to be 
“peat or bog,” whicli was to be interstratified in tli(‘ kiln with the 
material to be calcimsl. As an indication of the quantity needed, he 
states: “as, foi’ instiince, if it i-e(piir(‘s ilG bushels of coal to burn 220 
bushels of lim(‘, the same may be burnt or caleinisl witli 220 husluds of 
peat with the addition of 3 bushels of coals." 

Parker’s Second Patent for Cement. — We cannot say with cer- 
tainty, though it seems ju'ol^able, that this was the same dames Park(*r 
who on LhSth June, 1 7 !)(>, claims, in Patent No. 2,120, the invention of 
“A c('rtain Ccunent or T(Tras [trass] to be Ihsed in A<juatic and other 
Buildings, and Htuceo Work." He describes his proe(‘ss as follows: — 
“The principle and nature of the said Invention consists in r(‘ducing to 
pow'der e(‘rtain stones or argillaceous productions, called noddles (^ic) of 
clay, and using that pow'dei- with water so as to form a w’ater (mortar !) 
or cenumt stronger and harder than any moi‘tar or cement now' prepai'ed 
by {U’tificial iw'ans. T do not know' of any precise generical tcuan for 
these noddles of clay ; but T mean jfy them certain stom's of clay or 
concretions of clay, containing Acins calcareous matter, ha^ing fre- , 
quently but not always water in the centre, the ca'vity of which is 
covered with small crystiils of the abo\e ciilcareous niatter, and the 
noddles agj'ceing very nearly in colour with tlu* colour of the bed of 
clay in oi* near w Inch th(‘y ai*e found. ’I'hesc* noddles, on being burnt 
w'ith a heat stronger than that used for burning lime, generally assume 
a brow n appearance and are a litth* softened, and w'hen so burnt and 
softened become warm (but do not slack) by having water throw n upon 

them, and being reduced to powder aft<T burning, and b(‘ing mixed '^vitli 
w'ater just sufiicient to make them into a jvaste, beemne indurated «in 
water in the space of^an hour, or theraibouts. Any argillaceous stone, 

then, corresponding w ith this description, w hether know n by the name o^ 

iKMldles of clay, or an}’ otlu'r name, is the sort and kind only that I mean 
to appropriate to my own u^e in the fermeiktation (forjnation ?) of .my 
cement.” «. 

The PreparaOioi^ of the Cement. — “ The manner in wLich I pre- 
pare* and compose this ■ cement is as follows, viz.’: — The* stones of clay 
or noddles of clay jfre firsts broken into small fragmenfs, then burnt 
in a kiln *or furnace (as linm is commonly burnt) wdth a heat* nearly 
sufficient to Yitidfy them, then reduced to a powder by any mechan- 
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ftal or other operation, and the powder so obtained is the basis oj the 
cement.” » 

Mode of Using the Cement. — “To compose tli^e cemctit in tlfe best 
and most advantageous manner, 1 tak(‘ two measures of watei* and* five 
measures of the powder thus^deseri])ed ; tiien li add tlfe powder* to the 
water, or the Avatei* to the i)o\\d(‘r, taking care to stir and beat tliem 
during tlie wlioJe tinu' of intermixtun* : the e(*n^ent is then made, and 
will set or become indurated either in ten or twenty minutes after the 
operation has ceased, either in or out of water, 

“ But altljough I Ijave deserihed what I eonsidtu* as tlu' best j)ropor- 
tions for the composition of the cement, it is exj^ressly to be umlerstood 
that these and all otlu'r ])roja>rtions are to ]>(‘ included within the 
meaning and pui-pose of this s]>ecitication, but that no other proportions 
will produce' so strong a c(*ment in .so short a time as those T have 
here pednted out : and also that I occasionally burn, and grind, ami 
mix tlie powder before* elescribeal with lime and stone*s, clay, .sand, 
or calciiu'el (*arth in sue-b proportiems as may be* necessary ami useful 
fen- the purj)e)se that the* cement is inteneh'el te> be a}>))lieel to, always 
e)bser\ing tlic less Nsate'r is use'el the b'‘tte‘r, ami the* se)e)nei* the mortar 
or ceme'iit is juse'el afte'r be*ing made the stremger anel the me)re elurable 
ib*Will be.” 

Parker’s Cement termed Roman Cement. — In the* abe)ve pate*nt 
Parker is elescribed as e^f “Neudhflcet, in tlr* Cdunty of Ke'iit, genth'inan.” 
Acce»i‘ding to Pasle'y it was neit until .semie* ye'ars late'r that he apjdie'el to 
the new material the mish'arling name eef “ Koinan ” ceimnit. He shoi'tly 
afterwarels traeled in partn(*rshi}> with Mr. Wyatt, nml used the stones 
feiund at Sheppey in the manufacture e>f the cement, whie-h sexm bt'came 
wieh'ly known umler the* name* e>f “Parker’s ceme'iit.” A certain Mr. 
Samuel Wyatt had [)re\iousIy acejuired (*xperience in the u.se of mat/erials 
for stucce), ami liis name is fresjuently mentie)ned by Dr. Higgins in 
his work on Uements.* 

IJerivation of the Septaria. — The “pebbles” used for cenu'iit making 
wtjj-e obtained at various places e)n the Kentish c;oast, those from Llinster 
Manor and Whitstablo being aj)yarently in the be?^. repute. It was mit 
until Aery much later that Frost made use of the Harwich dredged stone, 
after which time it was customary to employ a mixture of HarAvich and 
Sheppey stones in equal ])roportion.s to produce the best Homan cement, 
thoug^^ Pasley tells us that about 1836, in the Government dockyard at 
Sheerness, they used one part of Sheppey to thr^e parts of Harwdeh 
cement stone. ^Tl^ inukers of artificial cements^ about this jjeriod .sold 

* ExperimeiUs and^Ohservatioim madt with (he^'iew of ifaproriim tht art of Com- 
posii^ md applying Cakartout Ctmenfs, . . by Brindley Higgins, M.D. 

London, 1780. ftvo. * 
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the «ement made from Natural stone at a much higher price than that 
made from a ]nixtui*e of clialk and clay. c / 

Pa*8ley’8 ^re8t8 of Cements in 1836. — The following table compiled 
from^ Pasley’s book is valuable as showing the con/parative merits of the 
chief cements' in‘ use at* the time he wr(*t^ [1836]. All the specimens 
wer(^ tested neat : — 


Soil of fVniciit used. 


Paaley’s artificial ccrncnt, . 
Froat’a ,, ,, 

Francis (Natural), ,, 

tSheorncsH ,, ,, 


\i^e in nuy.s. I 

! 

Toliil TciiMilt* Sti'eiipftli 
ill Puiiiids. 

St rcngtJi in 
' Ivlm. per 
S(j. In. 

11 1 

1,39;> 

.34-9 

11 ! 

70.*) 

17-6 

11 

1,‘22.3 

30-6 

(IS) 

1,220 

30-5 


! 


French Quick-Setting Cements. — The (juick-setting c(*ments of the 
lloman type, made in accordance with Park(‘r’s patent, had their counter- 
part in France, for about 171)6 a French military ('iigineer, named ijesage, 
drew attention to the eminently hydraulic ju’operties of the jiebbles of 
Boulogne-sur-Mer, and from tlu'se he produced a material \Vlii(;h he called 
“ idaster-cenicnt,” though this substance was quite distinct from the 
conij)ounds of the calcium sulphate series. 

Another ([uick-setting cement, wl^i^li obtained a wi(l(‘ I’ei^utation on 
the Continent, was that of Pouilly, discovered by Mons. Lacordaire in 
1829. Four years later, in 1831, iNlons. H. Gariel first introduced the 
well-known cement of Vassy. Another cement of a similar charac ter, 
which has been much used in France, is made from stone dug near 
Grenoble at J\)rte-d('- France. 

Analyses of French and English Cements. — The composition of 
all these materials is very similar, as will be seen by the following set of 
analyses, made in Paris, at the Ecole des Mines: — 



English 

Rciina* 

Cement. 

Boulogne 

Cement. 

Cement of 
Va.'iBy.^ 

Cement of 
Pouilly, 

Silica, 

15-42 

14 -27 ■ 

16-0 

17-14 

Alumina, 

5 '63 

^r>-8i 

6-50 

6-87 

Iron oxide, 

6-81 

5-97 

8-60 

4-83 

Magnesia, j 

0-83 1 

0-67 

1-50 

3-39 

Manganese, . 7 ^ . . . j 

0-54 1 

0-83 


0-17 

Lime, . ^ 

4512 1 

46-20- 

, 4ef80 

47-35 

Loss on calcination | moisture, 
and carbonic acid, . . . 

25-65 j 

26-25 J 

20-60 

20-25 


nxi-oo 

100-00 

100-00 

' U)0-0i) 
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Tlie Vfissy cement, wliicli is very clark in c(^foiir, is tlie ricliest i* iron 
oxide, ami sets when freslily burmsl with ,i,ovat rap^lity. The cement of 
Grenoble is very similar in its composition to the above, but conhiins 
rather less clay. Tn* I^rance, the (j nick -setting cem^ents are, as^a*rule, 
groiirifl under edge-runners, aiKl passed tljrough^*op}>er wire sieves of 324 
jTieshes j»er s(piare centimetre (2,0h0 per square inch). The average 
specific gravity of these cements varies fi-<nn 0-9(J#t() TIO. 

Magnesium Cements of America. — of th(‘ so-called natural 
cements of America, which, before tlie introiluctioii of tin' manufacture 
of Portland cement, had obtained such a wid{‘-s])read emiiloyment in 
every kind of engineering work in that country, many partake somewhat 
of the nature of Homan cement, and may be mainly considered, according 
to one* of th(‘ most recent -Vnu'rican writtu's on this subject - C^Jinmings* 
- -umler two lusids, as <louble silicates, or triple silieat(‘s. The former 
class includes all rock cements composi'd of bisilicat(‘s of lime ajid 
alumin.’i, and the latter the trisilicates of lime, magmssia, and alumina. 
It is stat(‘d that in 1894 th<* annual ]u‘oduction of Anu'rican rock cements 
amounted to 7,590,070 barj'els, and the jiroportions of these two classes 
w (‘r(* as follows : — 

I, Vusilicales, - - • ‘i.r),57,4(U Itarrcls. 

' 2 . T]isili( at«‘s, .... ,, 

It must b(‘ understood that the abo\<‘ classiiication is sonn^wliat 
arbitraiy, as many of the so-called bisilicates will b(* found to include a 
small perc(mtag(* of tri]ile and also of a single silicate. Thi‘ jiosition of a 
cement in the above classification d(‘pen<ls therefore on the particular 
form of silicates indicated by its juedomiiiance. 4’he bisilicates are, as a 
rule, <if the Portland cement ty]K‘, and are frequmitly calcined at a white 
heat ; the trisilicates are fired at a lower tempei-ature, and arc more of 
the nature of Homan I'cment. As a. type of the trisilicat/C cements, we 
may describe the famous Hosendale cement, named after the town of 
Hosendale, where it was originally disco\ered, and largely used in the 
con.'^ruction o^the old Ikdavarc; and Hudson canal. 

• Haw Materials for American Cements. — The formation* which 
furnishes thy raw materials fm* tliis cement is an {h’gillaceous magnesian 
^mestone, which extends along the whole of the Apjialachian range, and 
was said to yiehl formerly three-fourths of the hytlraulic cement produced 
in^the United States, 'lie workable beds are seventeen in number, and 
the method of manufacture is as follows ; — • 

The limestone, which is blasted by black powdfr, ih conveyed to the 
kilns on trucks rMnnfng along the base of tha quarry. Tl*e stone is 
arranged in tl^ kily.v in layers inter.stratifi«l with jftnall coal. The kilns 
are ^yWndricaJ in form, but have a conical contraction at the bottom. 

* American Cements, V>y Vriah Cummings. Boston. 18^3. 
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Theyf^aro worked continiR)U.s]y, portions of the charge being withdraw! 
every twelve houi's. ^ The underbui-nt lumps are passed a second IfiiiK 
through the kfln ; the fully (;alcined stone is com eyed in elevators to th( 
top d!c the mill. Jfere it is first broken to a smaR gauge (si/e of ha/el- 
nut) in a eradkef, whieli^ is a machine soi^ewhat on the ju’inciple of the 
coffee-mill. Each cracker will prepare from 250 to 500 barrels of cement 
per diem for tlie mills. , 

Grinding of the Calcined Cement. — The mill-stones are only 3 fiu't 
ill diametei*, but they grind tlie cc'ment so fine that from 93 to 95 per 
cent, will pass a 50 x 50 mesh sieve. These mills differ from those in use 
in this country foi- cement-grinding, in that what is t(‘rmed in England 
the “runner” or the upper stone is fixed and the lower one revolves. 
The gi'ound ceimmt is coiiv(‘yed by “creepers” to the packing romn, 
where it is put up in paper-lined casks and is tlum ready for use. 

Yield and Composition of the Beds. — h^ich cubic yard of cement 
stone yields about 2,700 lbs. of finished cement. The various beds of 
stone fliKttuate very consid(*rably in tln'ir composition, and the prepara- 
tion of the c(‘ment and the mixtur(‘ of tlie imv materials from the 
different levels is a matt(*r of great nicety. l)ui*ing the manufacture 
the cement is cai*efully tested ; foui’ briquettes Ix'ing madi* every hour. 
The pattern used for the moulds difiers from chat in common use {n 
Europe*. 

General Gillmore’s Tests. — G<iicral Gillmore, whos(^ work on 
cements* maybe consulted with advantage respecting the manufacture 
and employment of tlu'se materials, puts the crushing strength of the neat 
cement at 540 lbs. per scpiare inch in seven days, and 2,015 lbs. per 
square inch in thirty days. The tensile strength of the neat cement is 
104 lbs. })er sipiare inch in seven days, and 134 lbs. per square inch in 
thirty days. With an equal amount of sand the tensile strength in thirty 
days is 102 lbs. jier s<piai‘e inch. 

Louisville Cement. — Cement rock was discovered at Louisville, 
Kentucky, in the year ltS29, and, having been used for the Louisvillf and 
Portladd Canal, it was found to be of good quality. This^'district, owpig 
to the convenience of transport affordi'd by the Ohio Kiver, speedily 
became the ctmtre of an impoi*tant industry, second only to that of the 
llosendale district. The Louisville cement contains less magnesia fSian 
the Kosendale, for while the magnesia in the ^former may average from 
9 to 10 pei; cent, the magnesia found in the Kosendale cement ma}; reach 
as much as 18 pev cent. The stone from which the cement is made is 
peculiar ty a small are/i, only a few miles wide, exteijdiif^g north of the 
Ohio Kivjer about 15 miles. ,Ko admixture of various strata is necessary 

* Pnictkal Trtatm on LJuuiy * Hydraulic Cemcntu, and Morfan^ by Q.'A.dtjill- 
ruoi'c, A.M. N^w York, 1874. 
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ni u^akiiig this cemoiit, the formation being •uniform in iil] ess(iuitial 
char^ctcriHities. 'I'ho ston<', much of which is mined^ in open (piarries, is 
broken into pieces of tbri'e uniform size's by ci’usljers amf fed into tlie 
kilns, which are -In feet high and Id feet in diameter. These kiJnt are 
constructed of iron, liiusl wiUi firebi-ick : tlie ttone is*))ifrnt with coal 
loaded into the kiln in altei‘nal(‘ layers with the stone. The tiring ojK'ra' 
tions ar^ continuous, and the kilns, Axhich arc^liglited in the sj»ring, 
are oidy extinguished when the operations cease for tht‘ ^\ inter. 'J'he 
calcined stone is withdrawn from oj)enings near the base of the kiln 
and fed into th(‘ eoai‘s(' crushei-s, and all im])erf(‘etly burned mati'riai 
is picked out 1)}' hand. Fi-oin th(‘ coai-se crushers the stoiu' passes into 
the tim crushers, and it is ultimately ground to powder between (‘inery 
mill-stones. 

Extensive works for tlu* ju’oduction of rock ctmient exist also at 
Milwaukee, Thdhilo, J^a Salle, IHica, ^\kron, at xai’ious parts of the 
Lehigh Valh^y, and in (lenrgia. 

W'hile certain of the rock c<‘m(*nts are calcined at a i‘elati\ely low 
tempcj’atu re, others are buiait at a heat ^^hich approaches that re(pjir(*d 
to j)roduce Uortland cement clinker, i i d the colour varies betwcsm ^ery 
wide limits. • 

•Ifatural Coments now hold in less esteem in America.— -Owing 
to the givat impetus given in i-ecent years to the manufactun' of Vortland 
cement in the T*nited Stat(*s, the ju'oduct um of natural cements would 
apjx'ar to have falkm otV. AVc have dealt with the analysis of the Ameri- 
can natural cements at p. ali. 

Early Cement Patents in England. — Tin* recoi-ds of the Patcmt 
Otiice of this country show us that prior to the a<lvent of Jun ker some 
eightc<m inventors ha<l busied tliemselves with proc(‘sses for hui-iiing lime, 
for the manufacture of “ tarrass ’’ or puzxuolana, for a composition or 
cement e^illed “ Pii'tra Cbtbi," and for sundry (h‘scri]>tions of mastic, 
mortar, and stucco. Among these Ave tind the “ water eeimmt or stueco ” 
deserilied in the work already mentioned of Dr. Jk Jiiggins. This patent 
is yo. 1,207, and is dated Jan. S, 1777. * 

From the date of Parkers s<«L*ond pabmt in 1190 to that of James 
Fros t's sj)ocificaiion in 1822, tht‘ J’ahmt Index likewise includes eight (*en 
pSeiits, one of tlie most notable of wdiieb was that granted to St. Leger 
in 1818. ‘ ^ 

St.^Leger’s Patent in 1818. — St. Leger was })robahly conces- 
sionaire of Vicat, a French engineer, whose ex per inienis wdth linuvs and 
cements are jusfty Jamdus, and his work may here*reeeive passj^ig notice. 
Omitting the investigations of Loriot, puhli^ied in i774, of De Ijti Faye, 
said Jo have hein made knoAvn in 1777, ariTl^he ai*tificial stone of Fleuret, 
described in his book dated 180/, all of wdiicli are dul)^ recorded by 
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PnsWy, we come to the p.il)lication of Vicat in 1818.* It \vill be impos- 
sibh^ here to do moy(* than refer most briefly to his treatise, •l)ut his 
later woi-k in' lS28t lias been a])ly translated b}" Captain Smith, and as 
General Pasley alludes at eonsideralde hui'^th to his iin'c'sti^ations in the 
a})pendix to his “ ()bsei v at ions on Lime,oCalcareoiis Cements, itc.,” we 
need not dwell on them very fully. 

VicaCs Artificial Lirae.^ — Vicat, who appeai-s to have Imhui tlu' first 
to a])ply th{! term “ lij'draulic ’’ to limes for use in water, jirepared mix- 
tures of ])ure linu! and clay, and calcined the resulting material in kilns. 
11(5 emj)loy(Ml, oi'i^dnall}^, slak(‘d liim^ j)owder together with 20 per cent, 
of clay, but in his sc'cond treatis(‘ he describes a plan of grinding chalk 
along with the i’(M|uisite projumtion of clay. His proe< 5 ss was actually 
carried out jit Mmidoii by Messrs. Puyaii and St. Leger, who used the 
chalk found in the vicinity, and tin* jdastic clay of Vaugirard. Tliey 
gi'ound tog(*th(‘r in a washmill four measures of chalk and one of clay 
with a consid(‘rahle (juantity of water, ami the fluid slip was then run 
into reservoirs to dry. \N hen stiff enough tlu' pasty mass was moulded 
into blocks and burnt in kilns, interstratified with small coal and coke, 
'^riiis plan of making an artificial lim(5 was still pjuctised at Meudon when 
one of th(‘ authors visitcsl the works in 1878. 

Vicat shar(‘s with Dr. .lohn of P>crlin the hoTJonr of having explained 
the imjK)rtance of the pr(‘sence of clay in combination with lime on 
scientitic grounds, though I>e Saus'-urt first }H)inted out that liydraulicity 
dep(‘nded sohdy on the prcstnute of cloy, ami J)escotils in 1813 observed 
that this plumomenon was diu* to the existence of a larg(5 ([uantity of 
silic('ous fiiatter disseniinat(*d through the mass in very fine particles. 
Dr. John’s treatise was published in 1818. Smeaton, as we have stated, 
antici})ated b}^ many years these discoveries, though he failed to turn 
them to practical account. 

Specification of St. Leger’s Patent. — Doubtless it was a process 
. similar to the above which was, as we have seen, patented in this country 
in 1818 (No. 4,262). M. IMaurice 8t. Leger describes himself hi the 
specification as of St. Giles, Camberwell, in the County of Surrey. The 
pattmt is for “an improved method of naking lime” out of a fat or pure 
carbonate of lime by the addition to the same of “ clay or any substance 
containing alimiiiie and silex.” The general prciportion named by*5t. 
Leger is “from 1 to 20 measures, or given iiuantities of clay or other 
substance , containing alumiiie and silex, to every 100 measures ov given 

t litchtrchfs E.vp/rinu ntnies Hur Itit Chaiixde Const met hn, les lea Mortiers 

OnUnairest, par L. J. Vicat. Paris, 1818. 4to. 

+ Resume des connaissauees poUti>'es actwlhs sur hs quahtits, lesi .'hoix et la conven- 
a7{cc nk'iproque des matMa^x proprts d la fabrication des Mortice's tUCimmta Cahaires, 
it'C.y par L. J. yicat. Paris, 1828. 
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quantities of chalk, stone, or other suKstance, or of li,„e ” It doet „ot 
app^,- thft St. Leser u orkwl the juitent in Enslan.l. ' ^ ^ 

18-^^ 1822.-0... the* nth of .Tune, 

Rnlw i>' the Countv of Middlesex 

”■ 

•n oi iiuiiU fivo troiii any •»nixiuiv of nliTini'i,., nr 

z‘ i . 1 *1. 

tl.it It u.n not, «h<.n eool, .slack or fall «hen ^tted ivith «ate,- '|’he 
. lined niate.-ial is lo he e,.ound to a line ,,o«d.... hy any nmehinerv fit 

niak.iie the cement oi' ai-tilieial .stone, and imisl Is. I- . t • i 

rtr '"''-r 

t( th( coiLsiNtoiicy ot coiiiiiinn luort.ir : it .sliouM lu* iniv 1 • ^ n 

quantities unM applie.1 insUntly to its int..nd..d purpose, as i Jill Jt i 

sg|-sp:s=5a 

iil7i j:z:r:.‘ 

des.^d, and that 1 shall call .t hy the name of Jh.iZrjn.ent-' 
conflusiveZZrZJsrljd'tT'"" -Wch prove 

r=ir.::r~^ 

^^-:^idi;:;z^;;£ 

, Frost’s Second Pataot.— In 1823 (No i77‘>) Mr T.Vrse i m 

procea-s of “ calcinino and nrer,..,.- h •' ^ dosunbe.s a 

lo. U.. porpoJrftai'ir ”®. T““ 

doNv-ly. thi.s Js aniinven f »*“<^-r'al xvas.permitted t» cool very 
fou.Jdaonati.sZce;,tToZ‘ -yf it was probably 

• Frost as a Cement Makar.-Very shorUy afterw^irds, in 1825, 
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Fi'osl rstablishorl hiiiiseJf in c(*iiu‘nt works at 8\vanscoinl)(‘, on* the 
'J'hainfs, and beuaint ih(5 first maker of artificial cement in tbe London 
district. Frosts busijiess was ciirried on by him until 1S32 or 1833, 
wh(Mi bis interest was ac(|uir(‘d by Mi*, dohn P.azley White, Senr., who at 
first was the jurtnei’ of :\Ir. Fi'ancis. Tasley ttdls us that ^lessrs. 
brancis, White A" brancis “ wer(‘ in the habit of sellinLC th(‘ir aitifichil 
c(‘im‘nt at om* shilliiii^^Jper bushel at the same time that they sold their 
natural ceuK'iit for ei^diteen]>ene(\'’ 

Mr. bi'ost, when he had dis})os(‘d of his busimsss, retired to America, 
and we can find no furtlun’ records of Ins car(‘er. His works were carri(id 
on by Messis. Francis A White in ]>ait!U‘rshi]» until January 1st, 1837, 
when they wc'n; mad(‘ over mitirely to M(‘ssrs. W'hite S: Son, who laid 
also Avorks at Millbaiik. Mr. bhaiicis, who traded as Messrs. Francis & 
Sons, founded the w<dl km)\\n works at Nine Elms, Vauxhall. 

In strict histoi'ical se(|U(‘nce we should before this have referred to 
Aspdin and his invention of f^oi’tland cement, but this may form the 
subject of a sj»ecial chapter. 



THE EAKLY DAYS OF PORTLAND CEMENT. 


31 


CliAPTEll IV. 

THE EARLY DAYS OF PORTLAND CEMENT. 

Contents.-— P oilluiirl ('eim'iit lirst mado h\ AsjmHh- Dis S{joi*dicuti(in for Comeiil— 
nuule from Arlilicial Mixtmes - Roman .in<] (^>un’k-Sott)ng (^nirnlB — 
I’asloy's ICxperimiMiN— I h‘( kcr's Acccmiil of Portlaiul Crnumt — .7. M. Maude, 
Son 9c Company's Ciicular — Earl\ Tosts of l‘<»rlland (Vment Use of Poi'lland 
Cement in Thames Tunnel AsjKlin's Cireular - Experiments at Exhibition of 
ISol -Johnson's Experiments. 

Portland Cement first made by Aspdin. — Tli(‘ soinowlmt misleading 
name of “1‘urtland’’ eenient was gi\(‘n to the artilieial eoinpound of lime 
and elay, ju'ejiared by Air. Jose})h Aspilin, a Leeds brieklayt'r. He ehose 
this naiiK' in eonsequenee of its fancied r«‘semblanc(‘ in point of colour 
and textun' to tlie oolitic limestone of tb' island of Portland, well know'n 
and in great favour in this country as a building stom*. 

Aspdin’s Specification. — Asjidin’s spec iti cation, No. 5,022, is dattsl 
October 21st, 1^24, and is for “An Jniproviumuit in the Modes of 
Producing an Ai’titicial Stone, " w'hich iiucntion he thus desei*ibes : — 

, “ Aly method of making a cenumt or artificial stone* for stuccoing 
buildings, water works, cisteins, or any other piu’pose to which it may 
be a])plicablc (and which I call Portland cement) is as follows :--l take a 
sj)e(‘itlc quantity of linuxstone, such as that gmK'rally used for making or 
repairing roads, after it is reduc(‘d to a jimldle or powal(‘r; but if 1 cannot 
procure a sutHcient quantity of the above from the i*oads, T obtain the 
limestone itself and 1 cause the jmddle oi* powder, or the limestone as the 
case may be, to be cahdned. 1 then take a specific <|uantity of argillaceous 
eartl^ or clay, i^nd mix them wdtli water to a state approaching impalpa- 
bility, either by manuel (nc) labour or machinery. After this jiroceeding 
I j)ut the a^ove mixture into a^slip pan for evajloration, either by the 
l^aj of the sun or by submitting it to tin; action of fire or steam conveyed 
in flues or jiipes unilei- or iK’ai- the pan, until the waiter is (‘ntirclyT- 
eviyiorated. Then I bre:>k the said mi.xture into suitable lumps, and 
calcine»them in a furnace similar to a lime kiln till the carbiiiiic acid is 
entirely expelled. The mixture so calcined is to*be»ground, beat, or 
rolled to a fine po^vdef, and is then in a fit statij for making^*ement or 
artificial stone. Tl^'-jpowder is to be mixefl»wdth a Tmflicient quantity of 
wato^’ tf» brin^it into the consistency of iiFirtar^and thus applied to the 
purposes wanted. " 
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Aspdin’s Second IPatont.— A.spdin, whose name, by-tlie-))ye, ip the 
“Alphabetical Iiid^x of Patentees” is misspelled “Apsdin;” obtained 
protection in the followin,i( y(‘ar, lSi>r), under date of dime 7th (No. 
5,186),^jfor “a Method of Makiii*,^ Lime.” In order to eftect this, he 
colle<‘ted the road serapfu^s from roads repaired with limestone ; these he 
diied, cith('r by natural or artificial In^at, and they were siibse(pieny 3 " 
“r(‘mov(‘d to a furnaej^ ov kiln to burn with coal, cok(‘, or wood.” The 
product was thtui ready (dther for “building;, or liming land.” 

Aspdin’s Process diflFers from that used subsequently. — Jt is 
ditficult to recognise in this d(‘se]‘ii>tion a ])rocess likely to result in the 
formation of a cement of the pi'eseiit Portland t\q)e It must be remern- 
l)ered, howevei-, that Asjidi]! had a hard mountain limestone to fleal 
with, and that jirobably the most eas^' way to obtain this material in a 
state of fine subdivision, in order to mix it \iith the clay, was to calcine 
it. Tt could then readily' be slaked and redu<*ed to powder. Tlu) next 
step was to t('m])er it with the I'csjiiisiU* amount of clay, and tinally the 
mixture was submitted to a second jmocess of calcination. 'Phis double-, 
kilning would, where fiu'l was relativel}' ehea}), (*ntail but little more cast 
and perhaps less labour than first grinding the limestone line powder 
under mill-stones and then mixing it with the ckw, as is now done in the 
dry })roc(\ss of inanufaetiu'iiig Portland eeinent. iNIoreover, hy the slaking 
action, the lime is obtained in an exti-enu‘ly line stale of subdivision, and 
therefoi’e in a eonditi<m peculiarly w'cll^dapted for intimate admixture 
wdtli tlu' clay. 

Defects in Aspdin’s Specification.— -Aspdin fails to point out the 
exact amount of clay nccdcnl — rather an important matter in a specilica- 
tioii, oiK^ w'ould think — and he omits to sbite that the firing must be 
carried on until incipient vitrification is attained. These omissions 
might by sonn* be i-egarded as casting doubts upon the authenticity of 
his discovery of Portland ccuneiit in 1824, but it is a well-known fact that 
he had a manufacti>ry of Portland cement for man)" jTars at Wakefield 
.which was established in 1820, and which is still in existence though no 
longer on the original site. Moi’eo\er, his son, William Aspdin, was, 
as we shall see, one of the early eem« rit manufacturers in the Thames 
district. 

Proposals to make Cements ftom Artificial Mixtures. 

searching the Patent Ollice records it is found (as we have already 
mentionefl) that otlier iin'entors had attempted to produce ceraentH from 
mixtures of lini/^ acid clay, and Pasle}’ has, in his important work on 
cements, previous!)^ iy»tieed, recorded a long svries di patient inves- 
tigations and exj)erini(mt¥ having for their .object the formation 
of ail artificial cement ca}>a.ble of giving like results tc| those lobtaiued 
from the natural cements, made from the sentaria of the Loudon 
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— /, ^nd the nodules of argillaceous limestones found in the Isl6 of 
Shep^ey. * 

Homan and Quick-setting Cements. — In our previous chapter we 
have given a brief account of these materials, and of the aitificial 
hydraulic lime of Meudon, the*invention of Vicat. Cements of this type 
wye, in the early years of the nineteenth century, in very general use in 
this country, and many attempts were made by*inventors to obtain a 
cheaper source of supply. It was clearly the search after such substitutes 
for the natural cement stone which led to the discovery of Portland 
cement, and though this latter material has now very largely displaced 
the quick-setting cements of former days, there are no doubt many 
purposes for which Roman cement ciin bo used with advantage, and this 
cement is still in frequent demand. 

Early History of Portland Cement by Pasley.— We know but 
little of the early history of Portland cement. Gem'ral Pasley, in the 

preface of the second edition of his work, dated August, 1847, states: 

• At present there are three manufactories of artificial cements in Eng- 
land, which have all been used more or less extensively in works of 
importance, and have given satisfaction, -iz. -First, that of Messrs. John 
B. Wliite tfe Sons, in the Parish of Swanscorabe, Kent, the present pro- 
prietors of Mr. Frost’s Works, who, after gradually relinquishing the 
objectionable parts of his process, have succeeded in making a good 
artificial cement, which they call their Portland cement, by a mixture of 
^chalk found on their own premises with the blue clay of the Medway ; 
secondly, that of Messrs. Evans tfe Kicholson, of Manchester, who make 
an artificial cement, which has been called the patent lithic cement, with 
the very same ingredients, and in the same proportions, nearly, that were 
used in the author’s experiments, but the most imporbint of which is 
obtained in a roundabout manner from the residual matters or waste of 
certain chermc^il works, instead of working with natural substances; 
thirdly, that of Mr. Richard Greaves, of Stratford-upon-Avon, who makes 
a poi^erful waijpr cement, which he calls blue lias cement, by mixing a 
proportion of indurated clay or shale with the excellent blue lias lime of 
that neighbourhood, both of whi^ are found in tM^ same quarries ; the 
former being previously broken and ground, and the latter burned and 
slaked, which is absolutely necessary in making an artificial cement from 
any^of the hard limestones,” 

Pasley ’8 Letter to Dr, Garthe.— This account of the. Portland 
Mment industry was, however, incorrect, for we find In a letter published 
in Dingler’s Polyteokniichea Journal* written by Pasley to Dr. XJarthe of 
Cologne, and dated ^Hrch 3rd, 1852, the foll.wit.g additional information 
on the Subject “I am much flattered by»the favourable opinion you 
* Vol. •xxiv., p. 27, 
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express concerning my 'Work on cement. As shortly after my promotion 
to the rank of Majo^’-General I ceased to occupy the post of Tfispect^r of 
the Iloyal Engineers’ School at Chatham, and had, therefore, neither 
assistants, materials, nor appliances at my disposal, I was no longer in 
the position to prosecute* researches of a siKiila]' nature to those formerly 
carried on by me, and wliich resulted in the discovery of an artifici|-l 
compound but little infenor to the best natural cements. 

“For several years past I paid no further attention to the subject 
until I learned that Portland cement was superior to Roman cement ; 
and as it is the fashion in our country to disguise everything with some 
fantastic name or other, which, except in the case of chemical products, 
gives not the slightest clue to the composition of the article in question, 
I was astonished to discover that this Portland cement, the name of 
which would lead the foreigners visiting our great Industrial Exhibition 
of last year to believe very naturally, either that it was a cement found 
in the island of Portland, or that it was related in some w’^ay or other to 
Portland stone, w^as lu'ither more nor less than my own artificial cement, 
compounded of chalk and clay. 

“ Messrs. Robins, Aspdin & Company manufacture Portland cement 
which appears to nui to b(^ just as good as, if not superior to, that of 
[Messrs. White it. Sons, altliough T never heard of it until I met Mr. 
Aspdin in the gimt Exhibition last year. I w’as present at all the 
experiments upon Portland cement me^j^oned in TJie Builder of the 27th 
September last. Q’he results of the same are correctly reported, but 
several of them are rendered ambiguous for want of more complete par- 
ticulars or of the explanatory drawings relating to them.” 

Becker’s Book on Portland Cement in 1863. — In a German work 
on Portland cement by Becker,* in which this letter is quoted, and 
which, we believe, was the first treatise in any language on this material, 
there is a footnote calling attention to the singular fact that “ although 
Joseph Aspdin, the inventor and patentee of Portland cement, established 
his manufactory at Wakefield in 1825, and his son, William Aspdin, 
founded! his w'orks at Northfleet, on the Thames, about 10 miles frpm 
Chatham, a few year.? later, at which 1 itter place Sir C. W. Pasley was 
then residing, and although their Portland cement was already much 
employed on the Continent, as introduced in the first instance by Mahde 
(k Son, and subsequently by Robins, Aspdin & Company, whereas the 
cement of Messrs. White «k Sons w^as not brought into the market until 
many years later find 845), Sir Charles Pasley only heard for the first 
time df the existence o^ Joseph Aspdin, the inventor of Portland cement, 
and of his manufactory [at Wakefield] in the great ^Exliibition of 1861.” 

Aspdiir, the Younger. — Mr. Becker is, however, nc^j; quitet coarect 
Erfahrungtn liber den Portland Cement ^ Berlin, 1853. 8vo. 
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in his facts, for young Aspdin did not go to Northlleet until 1848i It 
appears th&t he at first associated himself with Mes^-s, J. M. Mau^e, Son 
& Company, of Upper Ordnance Wharf, Hotherhithe, and from a circular 
issued by this firm in 1843 we learn the following particulars respecting 
their business, and relative to* the cement indusfl-y at thatflate : — 

^ Circular by J. M. Maude, Son Company. — “ The manufacture 
of this cement (patent Portland cement) has for jnany years been carried 
on by Mr. Aspdin at Wakefield, in wliich neighbourhood, as throughout 
the northern counties of England, it has been successfully and extensively 
used; owing to the heavy charges attending its conveyance to the London 
market its consumption there*, has n(*cessarily been limited, and although 
its superiority over other cements has never been contested by those who 
have been induced to give it a trial, the high price at which alone it 
could be supplied has hitherto proved a serious impediment to its more 
general introduction into the metropolis. Messrs. J. M. Maude, Son & 
Company have now the satisfaction of announcing to the public that they 
have made arrangements with tlic son of the patentee for the purpose of 
carrying on the manufacture of this valuable cement at their extensiver 
premises at Rotherhithe ; and whilst th('v will thus be enabled to supply 
it at a considerably reduced price, they have also the satisfaction of 
sbltmg that in consequence of improvements introduced in the manu- 
facture, it will be found, for the following reasons, infinitely superior to 
any cement that has hitherto been offered to the public : — 

“(1) Its colour so closely resembles that of the stone from which it 
derives its name as scarcely to be distinguishable from it. 

“(2) It requires neither painting nor colouring, is not subject to 
atmospheric influences, and will not, like other cements, vegetate, oxy- 
ilate, or turn green, but will retain its original colour of Portland stone 
in all seasons and in all climates. 

“ (3) 1 1 is stronger in its ceincntitive qualities, harder, more durable, 
and will take moni sand than any other cement now used.” 

After alluding to its value as a stucco and for paving purposes, the 
cir^iular states — “It is manufactured of two qualities, and sold in casks 
of 5 bushels^ each weighing about 4-^ cwts. — No. i at 3s. per bushel, or 
20s. per cask, and No. 2 at 2s. 3d. per bushel, or 16s. 3d. per cask. 
I?. 6d. each allowed for the casks, if returned in good condition.” From 
the^ directions for its us^ we learn that the best quality was to be 
employed with foui* parts of sand. ^ 

Early Tests of Portland Cement. — Certain purtiaulars are likewise 
given of some coi^paititive trials of this Portlai^d cement wi^h Roman 
cement, which were conducted by Messrs. ^Grissell & Peto at the new 
Hoii^e8«of Par^ament in 1843, together with a letter from these eminent 
contractors, dated from York lV)ad, Lambeth, 13th November, 1843, 
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setting forth the fact th»t the experiments in question, which consisted 
of bricks stuck one pn to another projecting from a wall, and of hfick 
beams with beaiings of 3 and of 5 feet, were made by their direction and 
under their own superintendence, and they add — “*The results as shown 
by the above {Statement ^^,f^ord very satisfactory evidence of the superior 
qualities of your cement.” They conclude that Portland with three parts 
of sand was more than double the strength of Roman cement with one part 
of sand, and tliat with Roman at Is. 4d. and Portland at 2s. 3d. the bushel 
there was a saving of from lid. to 2d. per bushel of mortar in using Port- 
land, owing to the increased volume of sand this latter cement would carry. 

Wylson on Portland Cement. — It was just about this period that 
Portland began to make a London reputfitioii, and in some articles on 
“Mortars and Cements” in The Builder in 1844, Mr. Wylson, speaking 
of these same experiments, says : “ The deductions thence arrived at 
show an advantage on the side of the Portland cenumt, which speaks 
most strongly in its favour; and which, judging by the authority from 
which these contrasts emanate, must be considered as at once authentic 
and conclusive, establishing this to bo beyond all doubt superior to the 
Roman cement, whether as to strength, adhesion, or the capacity of 
receiving stmd ; the latter of which properties it is shown to possess to 
such a degree as to render it actually clieaper than the Roman ct'mctti,. 
whilst its other recommendations of beauty and the saving of colouring 
alone render it highly prc'ferable.” 

Early Advertisements relating to Portland Cement. — Advertise- 
ments relating to this cement as made by ISlessrs. J. B. White & Sons 
appear for the first time in The Builder in October, ISb'l, and on the 
occasion of an accident to some stucco on a house in Cornhill, which had 
failed or “blown,” in the following year, Messrs. IMaudo, .loiies & Aspdin 
write under date of 3rd September, 1846, to deny that the cement in 
question was of their manufacture. 

Sir William Tite on Portland Cement. — In May of this same 
year, Mr. W. Tite, the then A^ice-President of the Institute of Bpitish 
Architects, spoke of Portland cement as “a good material if properly 
made and properly applied.” ^ 

We have now reached the period when the railway fever set in, and 
the demand for cement stone at Harwich became very extensive, ind^® 
the stock of stone threatened to become exliausted. Wo read in- 
December, 1846, “prices have in consequence risen 30 per cent,, while 
the dredgers are. reaping a proportionate benefit. It is calculated that 
£25,000 per annum arp paid away in wages alonii' to ,wo^kmen employed 
in this trade.” 

Predicted Exhaustion ol Natural Cement Stone.f— It raiast^ve 
been in the year 1845 or 1846 that 8ii\R. Peel announced in Parliament 
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his intention of taxing the cement stone, fearing its exhaustioi?, and 
hoping thfhs to reserve a sufficient supply for the purpose of Government 
works. This fact we learn from a pamphlet issued by Messrs. Aspdin, 
Old <fe Co. about 1854, who state also therein that — “As soo^ as Mr; 
Wm. Aspdin lieard of this h^addrcssed Sir RolJert Peel upon the subject, 
^nd intimated to him that he need not Ikj alarmed about the supply of 
* Roman cement,’ as an article, which far surpassed it, was extensively 
manufactured. To prove these remarks, ]\Tr. Aspdin waited upon Sir R. 
Peel with samples, and obtained a reply to the effi^ct that he was much 
satisfied wdth them, and with the explanation ; and in consequence the 
proposed tax was abandoned.” In this pamphlet, which describes the 
firm as carrying on business at New AVharf, Abingdon Street, West- 
minster, and at Gat(^shead-on-Tyne, it is stated that their total 
manufacturing powers were equal to 3,000 casks per week, and the price 
of the cement is quoted at 2s. per bushel. The results are given of 
several seri(‘s of t(;sts, and there is a challenge' to rival manufacturers, 
dated Deccmibcr IGth, 1852, to submit their cements to public test; in 
accordance with which, exi>erim(‘nts were mrried out at their wharf 
at Millbank on February 10th, 1853. 

Portland Cement from Wakefield used in Thames Tunnel. — 
Trom this samci pamjihlct we find that the Wakefield cement was largely 
used in the Thames Tunnel about 1828, although “at that time it cost 
20s. to 22s. per cask, besides the carriage to London. Yet Sir I. Brunei 
decided (notwithstanding his ability to procure Roman at 12s. per cask 
delivered on the spot) to adopt Portland chiefly for his purpose, as its 
merits required no other recommendation than an impartial trial.” 

J^h'om this statement we may assume that the Thames Tunnel was the 
first engineering work of importance in which Portland cement was used, 
for there can be no doubt that in its early days it was mainly a stucco 
cement, and it was not until very much later that it acejuired the con- 
fidence of the engineering profession. 

Occident |it Euston Station in 1848.— The year 1848 was in many 
ways a very eventful one in the history of Portland cement. On the last 
day of January a fatal accident*occurred at Euston Station owing to the 
^cautious use of Roman cement. A lofty wall supported on columns 
formed of brick on edge suddenly fell, causing the death of two workmen, 
a^^l at the inquest whicji followed, and which attracted much attention, 
the question of the employment of cement was discussed at g^pat length. 
Mr. Hardwick,^ the architect, expressed an opinion fhai the failure of the 
cement was due itS employment during the <»old winter weather, and 
also to the great Ijatte with which the wo«k was mm up. The columns 
in qpieition wfsre 20 feet high, 2 feet 2 inches in diameter at the base, 
aM 1 foot 10^ inches in diameter below the capital. Messrs. W. Cubitt 
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(k Company, the builder^, stated, that they could not assign a reason for 
the fall of the wall. On February 11th, Mr. William Aspdin Vrote from 
Northfleet and attributed the accident solely to the use of defective 
cement We have here an intimation of As^)dins removal from 
Kotherhitlu*. ^ ^ 

Experiments at Messrs. GrisselFs Works in 1847. — Later on in 
this same year, the ros^alts of some trials of Messrs. White’s Portland 
cement are published in The Builder. These expei’iments had taken 
place at Messrs. Grissell’s ironworks on December 10th and 31 st, 1847, 
and they furnished additional evidence of the superiority of Portland 
over Homan cement. 

Aspdin’s Circular in 1848. — The above trials and the publicity they 
obtained seem to have given consid(*rable umbrage to Aspdin and his 
partners, for in th(‘ September following he published a letter as an 
advertisement in 2'he Builder^ in which he set forth, among other matters, 
that this cement was first intro(Iue(‘d by his fatluu’ in 1813, and patented 
by him as “ The Portland Cement” in 1824, and that the oi’iginal material 
is solely made by him. He quotes certain tests to show that he had 
obtained far better results than jVlt'ssrs. White had done, and that he had 
used more sand. Thus he states that he has mad(‘ blocks consisting of 
one part of cjement to tmi parts of sand, and he concludes by callihg 
attention to a public trial of their cement which tlu' firm were about to 
institute at their wharf at Great 8c( )tl|ind Yard. 

Experiments in 1848 at Messrs. Bramah’s Works. — These pro- 
posed experiments they advertised fur some time, and they I'hallengod all 
other cement makers to compete with them. The trials came off on the 
18th September, and subsequently at Messrs. Bramah’s Mmrks on the 
26th, when some blocks wen? crushed by hydmulic pressure. A\'e extract 
the following particulars from The Builder of September 30th, 1848, as 
they show tlie quality of the cement at that period. The brick tests were 
of the usual character — viz., built out from the wall. In one case the 
beam consisted of 38 bricks with neat cement. With one part sai^d li> 
bricks.' Some brick beams were also tested, but the results are not v»»ry 
clear. Two large blocks of Portland stc.ie, jointed together with cement, 
failed in the stone work. Some blocks of cement, 18” x x 9”, were then 
tried in a Bramah press, and stood 58J tons, when the press gave way. 
Roman cement failed under 22J tons. A block of one part cement to one 
sand withj»tood 45 tons. On the 26th September some further tests were 
made with a better p*ess at Messrs. Robinson & Sons, Pimlico, when the 
fqlloving results were obtained : — < '* 

“ 1. One of the previous, blocks, all cement and then thirty-five days 
old, bore a pressure of 68 ;t6ns, when it cracked at nne angle,: but 
ultimately bore 90 tons without any alteration. 
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“2. An exactly similar block bore tons <V’ithout even a cracks and 
stood undw that pressure for nearly one minute, when it broke. 

3. Another similar block l)ore 104 tons. 

“ 4. One composed of nine sand to one cement bore 44 tons. 

5. One of equal quantifiers of sand ami ceiiH^nt prefic^^isly suT)mitted 
to a pressure of 47 tons now cracked at that pressure, but ultimately bore 
a pressure of 108 tons before it broke down, th^ form of the crack not 
altering.” 

Public Attention begins to be directed to Portland Cement. — 

The rivalry between the two pidncipal firms engaged in tlie manufacture 
of Portland cement, in what we may bum the London district, had the 
effect of directing public attention to the mnv material, and the cement 
industry from this time steadily' incr(‘as(‘d in importance. Fresli factories 
w ere started, and the quality gi-aduall}" became moi'e and more i*eliable. 

Early Experiments on the Strength of Cements. — Tn a paper 
i*ead by Mr. (1. F. White before tlH‘ Institution of Civil Engineers in 
May, 1802, thei’e is an account of the (‘xperiments, to which reference has 
ali’eady Ireen made, at -Messrs. Giussell s works in 1847, and of some 
additional tests carried out at Mr. Jackson’s works on March 8th, 1851. 
M e quote certain of these results, as tluy are of imporbince as illustrating 
tk(-* relative merits of the artificial and natural eements made about that 
time. Each block was 9 inches scpiare and IS inches long, and it was 
tested by hydi*aulic pressure applied on the smaller ends, a surface of 81 
s(juare inclu’s : — 
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J)xperiment8 made Mr. iJackaon’a works on blocks 6 inches by 
6 inches, and 12 inches long: — * , 
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It is argued from the first set of experiments that neat Portland 
cement is three times the strength of neat Homan cement, and that with 
two parts of sand Portland is half as strong again as netit Homan cement, 
while even with three parts of sand it is equal in strength to neat Homan 
cement. , 

Experiments at the Exhibition of 1851. — Some experiments tried 
at the great Exhibition in Hyde Park, before the Juiy of Class *XX VII. 
in September, 1851, are interesting, as the cement was us(‘d in the 
briquette form (see Fig. 1). 

The breaking weight per square inch of neat Portland 
cement was 414 lbs., whi^ is a very good result for that 
period. No indication is, however, given of the age of this ^ 
sample. 

Prices of Roman and Portland Cement. —The price 
of Homan cement had fallen about 1818 U) Is. 3d. per bushel, 
the original price having been 4s. 6d. ; the cost of Portland 
cement at tliis time was, as we have seen, about 2s. 6d. per 
bushel. 

Mr. Johnson’s Statement respecting the Manufac- 
ture. — We think that we may here insert a very impQ^rtant 
statement I’espccting the early history of Portland cement, 
drawn up for one of theo authors by the veteran cement 
manufacturer, Mr. I. C. Johmson, in 1880, extracts from 
which were published in The Building News of that y^r. 
Mr, Johnson states that young Aspdin “began work at 
Hotherhithe in connection with Messrs. Maude k Sqn on a 
small ^ sc?, le, and did sometimes make a strong cement, but 
owi^g to a want of scientific method, the quality as respects strength 
and durability was i\ot to be depended upon.” He proceeds : — 

“I was at this time [abo)>t 1845] manager of the w/^rks of„Mes8rs. 
White, at Swanscombe, making only the Roman cement, Keene’s plaster, 
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And Frost’s cement, the latter composed *of 2 chwlk to 1 of Medway clay, 
ealcitied lightly, and weighing 70 to 80 lbs. per bushej. 

“ My employers, attracted by the flourish of trumpets that was then 
being made about themew cement, desired be makers of it, and some 
steps were taken to join Aspdyi in the enterprise^ but iio^greemeifl) could 
be come to, especially as I advised my employers to leave the matter to 
me, fully believing that 1 could work it out. ^ 

“ As I before said, there were no sources of information to assist me, 
for although Aspdin had works, there was no possibility of finding out 
what he was doing, because the place was closely built in, with walls 
some 20 feet high, and with no way into the works, excepting through 
the oflice. 

“ I am free to confess that if I could haA^e got a clue in that direction 
T should hav(' taken advantage of such an opportunity, but as I 
luiA^e since learned, and that from one of his later partner's, that the 
process was so mystific'd that anyone might get on the wrong scent — for 
^even the workmen knew nothing, considering that the virtue consisted in 
something Aspdin did with his own hands.” 

Aspdin’s Secret Processes. — “TJjms he had a kind of tray with 
several compartments, and in these he had powdered sulphate of copper, 
po vde.i’ed liiiK'stone, and some other matter's. When a layer of washed 
and dried slurry and the coke had been put into the kiln, he would go in 
and scatter* some handfuls of these powder's from tinuj to time as the 
loading proceeded, so the whole thing was surrounded by mystery.” 

Analysis of Aspdin’s Coment. — “ AVhat then did I do ? I obtained 
some of the c(*ment that was in common use, and, alth(»ugh I had paid 
some att(‘ntion to chemistry, I would not trust myself to analyse it, but 
I took it to the most ceh'brated analyst of that day in Jjondon, and spent 
some two tlays Avith him. AVhat do you think Avas the principal element, 
accoi'ding to him 'i 8ixty per cent, of pliosphate of lime ! All right, 
thought I, I haA^e it noAv. 1 laid all the neighbouring butchers under 
contribution for bones, calcined them in the opim air, creating a terrible 
nuisance by th^ smell, and made no end of mixtures with clay and other 
matters contained in the analysigp, in different proportions and burnt to 
different degrees, and all without any good rtisult.” 

^ Attempt to produce a Cement from the Components of Roman 
Cement. — “The question was, what was the next thing to be done'? I 
hatf an^,idea that the elements were those contriined in Roman cement, 
and I had read somewhere that the older chemists Jiad taughf that the 
value of Roman* cements was due to the iron and manganese contained in 
them. I knew that ^these matters gave ri^ to tl\p peculiar ^colour of 
Rom|n ^5ement,|but*they were absent in Portland.” 

• Mr. Johnson’s £zperiment|i. — “ I had a Irfboratory and appliances 
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on Xhe premises, so I Af orked yiignt and day to tind out the component 
parts of the stonef^ from Harwich and Sheppey. Having«4ound ithese, 
and taving tried many experiments, spreading over some months, in 
putting different matters together, I began to* think that lime and 
alumina wei*® flic chief ingredients nece;»sary. I therefore tried quick- 
lime powdered and mixed with clay and calcined, by which means I got 
something nearer. Tt^was a cement very much like Frost’s. After this 
I used chalk and clay as used in Frost’s cement, but with more chalk in 
proportion. The resulting coin})ound being highly burned, swidled, and 
cracked. 

“ By mere accident, however, some of the burned stuff was clinkered, 
and, as 1 thought, useless, for 1 had heard Colonel Pasley say that he 
considered an artificijil cement should feel quite warm after gauging, on 
putting your hand on it, and that in his experiments at Chatham he 
threw away all clinkers forme<l in th(‘ burning.” 

Trial of Clinker formerly rejected. — “ However, 1 pulverised 
some of the clinker and gauged it. It did not seem as though it would^ 
harden at all, and no warmth was produced. I then made mixtures of 
the jKiwdei'ed clinker, and powd('red lightly-burned stuff,* this did set, 
and soon became' hard. On examining some days later the clinker only, 

] found it much harder than tluj mixture' : mureove'r, the colour was 61’ a 
nice grey.” 

Works conducted on a Largev Scale. — “Supposing that T had 
nearly got hold of the right clue, T proceeded to operate on a larger scale.^ 
making iny mixture of 5 of white chalk to 1 of Medway clay. This was 
well burned in considerable <|uantiti(‘s, and was ground finely; but it was 
of course a failure from excess of lime, although J did not then know the 
reason of it. The whole of this material was tossed away as useless into 
a kind of tunnel near at hand, and laid there' for some months, after 
which T had the curiosity to take a .sample of it and gauged it as before, 
when, to my astonishment, it gauged smoothly and pleasantly, and did 
not crack and blow as liofore, but became solid, and increased in^bard- 
ne.ss with time.” ^ 

Traces a Previous Failure to Excess of Lime. — “ Cogitating as 
to the cause of this difference, it occurred to me that there had been an 
excess of lime, and that this exposure in a rather damp place had caused 
the lime to slake. 

“ This was another step in advaiiei', giving me as it did thfj idea of 
there being too, much chalk, so I went on making different mixtures' 
until I came to 5 of chalk and 2 of Medway clay, and this gave a result 
so satisfactory that hundrj'ds of tons of ceinenji so mixed were soon 

* Aspdin, we learn from one of his letters, made his cement^from a liiixUu'e of 
'tender and hard-burned clinker. ^ 
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afterwards made. Some of this cement senlf to the French Govern- 

ment .Works at Cherbourg, and was, as 1 believe, set jip as a standard of 
quality to which all subsequent purveyors had to conform.” * 

Anticipates Process of Grinding with a Minimum of Water, — 
Mr. J ohnson subsequently expkiins how he partif anticipated Goreham's 
pa^mt of grinding with a minimum of water, and he details his exper- 
iences as a cement maker on his own account, hi^t at Frinds])ury near 
Kochester (w liere he established the first manufactory on the Medway), 
then at Clill'e, later at Gateshead-on-Tyn(‘, where he followed Asjulin, 
■who had failed in business, and lastly at Greeiihithe. 

Last Traces of the Aspdins. — Me think that Mr. Johnson’s 
account is very interesting as tlie personal naiiative of one of the 
founders of the ceiiKuit industry, and one to whom, as we shall see later, 
it owes some important improv('ments. Tn bringing this somewhat 
lengthy chapter to a close, we may mention that the elder Aspdin was 
still working at Wakefield in 1853, and we are informed by his grandson, 
JMr. W. A. Aspdin, that h(‘ resided thei'e until his death in 1855. He 
was interred at St. John’s CJmrch, Wakeliehl, and his tombstone there 
bears the following inscription: — 

“ Saciecl to the memory of tho late 
Josei'h Asi’din, 
of this town, 

Inventor ot the ratont PortlaiiJ Cement, 

Who departed this life on the 2()th day of Mureli, ISoJ, 

Aged 70 j’ears.” 

His grandson ttdls us, moreover, that th(' works he originally built were 
pulled down for the railway, and other mills were erccte*d, which were 
carried on afU'r Iiis deatli l»y his son Jami‘s. Joseph Aspdin laid two 
sons and one daughter. His son William, after his failui*e at Gateshead,* 
went to Germany, and died in Holstein, during tho Schleswig-Holstein 
war in 1864. 

* A ■writer in in March, 188U, .state.s tluxt, before the suoeoss of 

AspAin’s new material w^aa tlioro uglily assured, “ lie launched out hy renting several 
acres of land near Gravesend, and comfticiieed building ‘Pcrtland Hall’ in such an 
elaliorate and artistic manner as to require some £40,000 to bring it to completion. 
WlTbn tho structure was rather more than one-third up, he had to stop, and he sold 
off at so groat a sacrifice that he loft the country and died abroad.” 
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CHAPTEllrV. 

THE COMPOSITION OF PORTLAND CEMENT. 


Contents. — Influence of Materials on the .Seat of the Trade — Essential Com- 
ponents of Cements — Proportions of Ingredients — Over-limed Cements — 
Danger of Iligldy-linied Cements — Less Important Constituents of Cements — 
Sulphur in Cement — Iron in Cement — Magnesia and its oflects on Roman 
and Rosendale Cements — Alkalies. 

Influence of Materials on the Seat of the Trade. — The induce- 
ments originally offered to cement makers to settle in the Thames district 
are easy to understaiid, the ample supply of chalk, and the excellent 
IMcdway mud, were admirably adapted for their purpose, and, in course 
of time, a large colony of manufacturers established themselves on the 
estuary of the Thames, and the London Portland cement obtained a wide 
reputation. Ind(‘ed, the belief gained ground that no really good cement 
could be made elsewberc, and tiie raw materials of this district i ere 
transported at great ('xpense to other b'ss-favoured local iti(is, in which the' 
manufacture was cari*ied on. P 

Failures caused by want of Chemical Knowledge. — Owing to 
the impei’fect knowledge of the chemisti'y of cements, the process was at 
first, as we have secui, exposed to continual dangcu’S, and the failures of 
the cement made from the lias and from the lower chalk were at one time 
so serious as to appear likely to bring all other cements into discredit. 
The constant fluctuations in the composition of the thin beds of stone and 
shale in the lias formation, and the varying quantities of clay combined 
with the lower oi‘ grey chalk led tlie cement maker who relied upon rule- 
of-thumb into all kinds of difficulties and dangers. Too offen he 
depended upon some cunning workman, who made a mystery of his 
proportions, and concealed his ignorance and accounted for his failures 
by statements which the master took upon trust or did not venture 
to dispute. 

An Early Authority on Cement Making. — We remember, in the 
early sixties, such an authority in one of the older works on the Medway, 
who had' washed \vhole backs full of over-limed slip (the liquid mixture 
'of ‘chalk and clay), and who attributed the “bl owing’’ of the resultant 
cement- tb an uiiprqpitious state of the atmosphere. The real fact of the 
matter being that some new beds of chalk were beingj, quarried ,^which 
, contemned only 5 per cent, of clayey matters, instead of the 10 per pent. 
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present in the chalk to which he was acclstomedfand he had dealt with 
the new ch£llk iust as he did with the old. 

" - <9 

Materials available for Cement Making. — It is now ^rfectly well 
known that suitable mixtures of carbonate of lime and clay can be pre- 
pared from raw materials, to be found in all parffe of th^ ^forld, and in 
raajjy geological formations. It is not essential that the mixture should 
be made of each of these substances in the pu^e state. They occur 
naturally compounded in various proportions in vast beds in many 
different localities, and in making use of such materials, all that is 
necessary is to employ them in such proportions as will give the required 
quantity of caiLonate of lime in the mixture. 

As examphis of pure or neai-ly pure materials, we may instance the 
white chalk of the Thames district, the indurated chalk of the north of 
1 reland, and many deposits of the carboniferous limestone formation, all 
of which contain about 98 per cent, of carbonate of lime. Among the 
clays and shales in use for cement making (under the latter term w^e 
imply a solid form of clay com])actod by pressure and capable of being 
split into lamina}), we have the alluvial mud of the Medway — a salt-water 
deposit — the fresh-water alluvium found on the Imnks of many rivers, 
boulder clay, the shales and clays of the coal measures, and the shales of 
the** Silurian formation, in wdiich last lime is either entirely absent or 
present in very small quantities. As instances of naturally compounded 
jnaterials, wt} may mention the lower or grey chalk of the Medway, the 
Jimestones and shales of the lias and of the upper carboniferous strata, 
gault clay, the chalk marls of Cambridgeshire and Gcjrmany, and the 
Silurian limestones now' so wddely used in the Lehigh Valley district of 
Pennsylvania. 

The Present Position of the Cement Manufacture. — From the 
point of view simply of materials, we have now entered upon a phase of 
the Portland cement manufacture in which the trade has passed far beyond 
the boundaries of the Thames and Medway districts, and when even the 
lies formation has ceased to present its former attractions to the cement 
mal^r. Since, as we have seen, it has become a matt(‘r of common 
knowledge, that chalk is not an essential factor in the production of a 
good sample of Portland; moreover, with the growth of skill and chemical 
knowledge, manufacturers fight shy of the treacherous and uncertain beds 
of the lias formation, many of the shales in which contain so much iron 
pyrites and sulphur in other forms as to render them wholly unsuitable 
for the production of a really first-class sample of Portian^. The factories 
established at valio^s seaports in the north, where ^chalk could readily be 
obtained at low freiglits as a return carg^ are A^'orking at* a great 
disad^nfcage as^regards cost of raw matefig,ls, and in some cases have 
been closed. The tendency nowaejays is rather tb seek for a cheap and 
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abvnclant source of raw materia s, and to establish works in the immediate 
vicinity of large centres of population, where the cement is likely ‘to be 
locally required. 

The Constituents of Cements. — It may be as well, before we 
attempt to tieat of the various processes */of manufacture, if we examine 
somewhat in detail the actual constituents of cement, calling attention, 
first, to those substances the presence of which in Portland is essential, 
and subsequently to (icrbiin other ingredients which either exert no 
influence upon the mixture, or which in certain cases, or when they 
exist in large quantities, may be productive of positive injury to the 
cement. 

Essential Components of Cements. — Careful experiments have 
proved that the only essential components of a cement an; lime, alumina, 
and silica, which subsLinces we have d(;alt with in our introductory 
chapter ; but there are, s(;condly, as we have seen, numerous other 
ingredients present in Portland, occurring either as impurities in the 
clay, or in certain cases deriveil from the fuel used for calcination, some 
of them tending to facilitate the cement action, others either inert in 
themselves or merely biking the place of the essential constituents, and 
lastly certain subsbinces which we must regard as injurious, except when 
they are found in very small quantities. ‘‘ 

Characteristics of Clays adapted for Cement Making. — The 
best clays for the use of the cement maker are those which are highly 
siliceous, even if much of the silica occurs in the free state as fine sand.^ 
Should the silica be present as a coarse-grained sand, the mixture requires 
to be very perfect and finely ground. Experience shows that in the 
finished cement the silica, even from a sandy clay, is found in the 
soluble form. This is not the case in burning such clayey substances 
into a hydraulic lime, as the temperature reached is not sufficiently high 
to effect this change. The proportion of silica present should at least 
equal times the amount of the iron oxide and alumina taken together. 
Thus a clay containing 18 per cent, of alumina and 6 per cent, of” ferric 
oxide should contain at least 60 per cent, of silica. Clays of this com- 
position require a high temperature to^bffect their fusion when they are 
employed in conjunction with carbonate of lime. The resulting cement 
sets in a reasonable time, speedily attains sufficient strength to show 
good breaking tests, and steadily increases in strength with age. On the 
other hand, clays with a high percentage of alumina yield a much more 
fusible mixture, - which can be calcined with less fuel, but which often 
causes trouble in the kiln by overburning. The finished cement sets 
quickly, . often indeed with, such rapidity as to r( 3 nder its use difficult 
without regauging, and the strength at short dates runs high. 'TLere is 
'little Increase with age, indeed often a tendency to retrograde action. *■ 
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^HE COMPOSITION OF PORyLAND CEMENT. 

Proportions of the Ingredients, — ^he ex^ct percentage of cky 
whicliy. when*of the right quality, may be added to th§ carbonate of lime 
to produce Portland cement varies between somewhat wide ^nd not very 
clearly defined limits. All mixtures which contain, say, from -74 to 7jf per 
cent, of carbonate of lime will, when very carefully and infiritately mixed 
anc^very finely ground, produce, if sufficiently calcined, a Portland cement 
of fair quality. When the pereenbigc of clay rqps too high — that is, 
when the carbonate of lime in the dried “slun*y,” or mixture of lime and 
clay, falls below 74 per cent. — a cement is obtsxined which is technically 
termed “ over-clayed.” Compounds of this nature fuse or “ run ” in the 
kiln at a temi)erature below that r(‘quired for the production of a sound 
“clinker” (the term applied to the fused material issuing from the kiln). 
The resulting cement is light in weight, is apt to set quickly, has a 
brownish colour, and never becomes thoroughly indurated. These light 
descriptions of Portland, moreover, have a tendcmcy to crumble on 
exposure to the weather. 

^ Light Cements well adapted for Plasterer’s Work. — They are 
essentially plasterer’s c(iments, as they work readily under the float or 
trowel, and, owing to th('. fact that they set more speedily than a dense 
cement, tlu' workman can l('av(' thcun within reasonable tim(‘, which he 
appSars very often to be unable to do when using a dense slow-setting 
"sample of Poi tland. These over-clayed cements are now but rarely made, 
though at one time they were much sought after and preferred for certain 
descriptions of work. There is, however, now but little demand for 
cements of this type, which in some cases approachcKl the Roman cements 
in composition, since the finely-ground Portland now made sets sufficiently 
quickly for all practical purposes. It was the fraudulent substitution of 
cements of defective quality of the above cliaracbu’, prepared from slack- 
burnt clinker, for dense Portland which, for a time, had a prominent 
share in bringing this excellent material into disrepute. There was 
formerly, when the charac*teristics of Portland were less widely known, a 
great fj^mptation to aim at the production of these light cements, as they 
are ground with comparative ease, and they enable the cement maker to 
dispose of his insufficiently burnedtmaterial without further calcination. 

Over-limed Cements. — The presence of an excess of lime, on the 
other hand — that is, where the proportion of carbonate of lime in the 
slurry ranges above 77’or^78 per cent. — leads to the production of a 
cement A^ich will stand the highest temperatures in the kiln, and in fact 
necessitates very heavy firing. Such cements, technically termeS “ over- 
limed,” are extreftielj^ douse when burnt at a high^temperature, they set 
very slowly, and are yery difficult to grind.^ The sample of Portland 
produq^*from a mixture of this kind is apt*t^ be treacherous when used 
in construction — i.e., unless it has ^een properly “purged ” or exposed in 
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thill layers to the atmosphere cause the limey particles to become air 
slaked, and it is liable to “blow” or swell in the work; an ‘action* very 
frequently caused by the retarded hydration of certain of its particles. 

Danger of Highly-limed Cements. — Lookihg to the great tensile 
strength and the density now demanded under certain specifications, manu- 
facturers are induced to raise to the utmost limit of safety the percentage 
of lime, and thus to approach more and more to the danger point above 
indicat'd, a danger only avoided by extremely fine grinding and careful 
purging. Manufacturers of cement are well aware of the risks encountered 
in producing cements with high percentages of lime, and it is usual to 
store Portland cement for some considerable time in the warehouse before 
it is sent out for sale. Many specifications involve a further storage on 
the works of the contractor previous to use, and even the best samples of 
Portland improve under this treatment. Apart from considerations of 
safety, tliere is a real gain to cement producers in the storage of Portland 
cement, either as clinker or in the ground state, for some considerable 
period previous to sale. 

Less Important Constituents of Portland Cement. — I'he colour 
of Portland cement is due to the iron oxide, which is always present, and 
belongs to the second of the categories under which we liave grouped 
the components of cements, which comprises also magnesia and Mie 
alkalies. In the last class we must include the sulphur compounds, 
as also the carbonic acid and water ; thesc^two last-named ingredients, 
if found in any quantity, indicate either that the sample of cement is 
very stale or that the mixture has been imperfectly calcined. We 
propose now to discuss brietly the action of sulphur, sulphuric acid, 
magnesia, iron oxides, and the alkalies. 

Sulphur in Portland Cement. — The sulphur of Portland cement is 
derived mainly from two sources, either from the clay or clay-shales,, 
which are often more or less impregnated with calcium sulphate, and 
which contain, especially in the case of the lias clays, nodules of pyrites 
or sulphide of iron, or from the coke employed for the calcination, evhich, 
when it is obtained from the gas works, is always rich in sulphur oom- 
pounds. Gas coke, on account of itj^ relative cheapness, is commonly 
used by cement makers, and English cements almost invariably contain 
a certain amount of sulphur dori\ ed from this source. 

Percentage of Sulphur allowable. — Sulphur, when it exceeds 
certain fiot very sharply defined limits, is undoubtedly injiarious to 
Portland , cement. Its action upon cements is a matter of very con- 
^aiderabl^‘ importance, «and has scarcely received' th^ attention which it 
deserves. Some authoritj«es recognising its detrimental effects upon 
cement • have attempted by carefully worded specifications ^either to 
"'exclude it 4-ltogcther, or to limit the* quantity present to 1 or at most 
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3 per cent, of calcium sulphate, a degree 0 purit}^ seldom if ever attai-ned 
in the case*" of English-made cements. In the Gergian standard rules 
(see Appendix E) the beneficial effect of small quantities of calcium 
sulphate upon PortlaAd is so far recognised ^lat manufactures are 
allowed to employ a proporti.5n not exceeding ^ per cenf. in order to 
coj^fer slow-setting properties. 

Selenitic Action. — This action of tlie calcium sulphate was dis- 
covered by the late Major General Scott, C.B., the inventor of selenitic 
cement in 1854, and in the so-called Scott’s cement, patented by him in 
1 85G, this property was, for the first time, turned to commercial account. 
To General Scott, moreover, we owe the proposal to add calcium sul- 
phate to Portland cement for the purpose of retiirding the setting. 
We shall treat of the scdcuiitic cement in a special chapter. 

Sulphuric acid, when present in Portland cement, acts, it is believed, 
in the manner described in the case of Selenitic ctnnent upon the uncom- 
bined lime present and deprives it of its avidity for water, causing it to 
©set after the nature of a (sement. Very small quantities of sulphuric 
acid will delay the rapidity of the initial sot of Portland cement, and 
we have found, in the case of a fiery c ‘ iient, that the addition to it of 
1 per cent, of its weight of plaster of Paris would delay the time needed 
to set from five to seven hours. 

Messrs. Dyekerhoff’s Experiments. — The annexed table, ex- 
tracted from the Proceedings of the Inst, of Civil Prgmeers^ gives the 
♦results of some important experiments by Messrs. DyckcrholF bearing 
upon this question. They demonstrate that, together with the delayed 
setting time, a grc'at gain in strength results from the use of trilling 
additions of gypsum. Tn fact, this treatnumt is equivalent to, and may 
replace the purging which dense highly calcined cements rotjuiro previous 
to use ; this statement being clearly proved by the })ottom row of figures. 
General Scott pointed out that the same results might b(i obtained by 
exposing the cement for a few minutes to the action of a jet of steam 
whiclJ» rapidly l^nlrates the free lime. Indeed, in one of his numerous 
patents he specifies this process. 

Excess ot Calcium Sulphate is Injurious. — Although the action 
of calcium sulphate in small quantities is thus shown to be beneficial, 
there can be no doubt but that the presence of this substance in 
propoi-tions exceeding, say^ 4 to 5 i)er cent, of the volume are injurious, 
for wo must remember that calcium sulphate is comparatively f^luble in 
water, and in damp situations much of it would irftvitiibly be washed 
out of the mortar, jindJ moreover, this .substance* never attains to anv 
conside’^able decree of hardness. 
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Deleterious Action of Calcium Sulphide. — There is a great 
objection to the presence of sulphates a^d sulphur compounds in the 
raw materials for cement, and this is owing to their tendeiffcy to become 
decomposed in the kiln, leading to the formation of calcium sulphide, 
a most dangerous ingredient of Portland cement. The* troubles that 
arise from the calcium sulphide are probably mainly due to its liability 
to attack and decompose the iron compounds in th^ cement. 

Slag Cement. — In the case of cements made from mixtures of lime 
and blast>furnace slag, there is always a notable proportion of calcium 
sulphide present, and the action of this sulphide upon the iron gives to 
most of these cements the unpleasant green colour to which reference is 
made in the next paragraph. 

Iron in Portland Cement. — Iron is found in well-burned Portland 
cement chiefly in the condition of the lower oxides, but there is nearly 
always a certain proportion of the peroxidci present: and French chemists 
speak with certainty of combinations with lime in which the iron acts as 
an acid to form th(‘ so-called ferrites of lime. With certain of tin? iron 
compounds the sulphur from the calcium sulphide reacts, leading to the 
formation of iron sulphide. This substance slowly atti'acts oxygen, and 
becomes converted into sulphate of the protoxide of iron, which subse- 
quently further oxidises and assumes a brownish-red colour. This action 
goes on with much greater rapidity in the gauged (;emeiit than it does 
before the cement is made up. Test samples when broken have a 
greenish tint, Jiiuch more highly coloured than wo should expect in a 
good spcciiiK’n of I’ortland, and tin; fractur(‘d surface on further exposure 
to the atinos])h('i-e turns to a rusty brown. If the test briquettes are 
immersed in water they never harden as they should do, especially if 
made up with sand, and though at first their colour is greenish, it 
changes to lu'own as before, on being taken out of the water and exposed 
to the air. The set of cements of this type is very slow, even when water 
is very sparingly used in gauging them, and with an excess of water 
they ^yll scarcely set at all. There can be but little doubt that the 
presence of irorf in this form hinders the crystallisation of the mass, and 
cement of this character never attliins a high degree of tensile strength, 
especially under the sand test. 

Magnesia in Cement. — Nearly all specimens of Portland cement 
contain a small amount of magnesia, this substance being generally 
present in the chalk, in tfie mud from the estuaries of the Thames and 
Medway, as also in the clay shales of the lias formatio*. 

The magnesia is originally found in corabini^^ion partly with car- 
bonic and partly witJ silicic acid, but some clajs cont^n small quantities 
of magjpQisium sxilphkte. In the process *9! calcination the carbonic 
Acid is expelled, leaving caustic ijiagnesia, a substance which behaves 
in the cement in a similar way to the uncombined lime, ft has, how- 
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ev<*r, much less avidity for ^A^ater than the lime has, and becomes, 
hydrated much mo, re slowly. 

Experinients of Mr. Jones on Action of Magnesia. — From some 
experpnents quoted in a paper read by Mr. W. Smith before the Institu- 
tion of Civil !fingineei‘^, to which wo shitll refer later, and which were 
carried out by Mr. H. T. Jone.s, of Aberdeen University, 100 partij of 
magnesium oxide combined with water at the following ratci : — 

Iij twunty-four hours ,30 *00 per cent. 

,, forty-eight hours 38‘71 ,, 

,, nine days, 44*30 ,, 

The theoretical maximum m^edcd to completely hydrate the above 
quantity of magnesium oxide was 45*00 per cent. It is not stated at 
what temperature this oxide was produced, but the liydration was in this 
case fairly rajiid, and the calcination was doubtless eff(icted with far less 
heat than that needed to burn Portland clinker. IMr. Smith tells us that 
on adding 5 per ccmt. by wcught of this dehydratc'd magnesium oxide to 
Portland cement there was a loss in strength, when tested after nine dayt^ 
of 20 per c('nt. Made up with 3 parts of sand, the cement and magnesia 
broke at 102 lbs. per square inch in twenty-iught days, but no correspond- 
ing test is given with unmixed cfunent. The fact of a<lding this quantity 
of magnesia to the sample of cement after cahnnation does not, we think, 
throw any light upon the subject. 

Time Needed fcr Hydration, — Tlje time occupied by magnesia in 
solidifying the water is, as is well known, proportionate to the tcmpei*a- 
ture to which it has been exposed in the kilns. It will readily be semi 
that this fact indicat(‘s a source of pos.sibl(* danger in cements calcined at 
a very high tempmatun^, t'o»* we can conceiAO of ca.ses in which the hydra- 
tion of the lime and the combination with silica and alumina to form 
hydrated silicates may have been completed bi'l’ere the magnesia has 
taken up its water of hydration. As this action is accompanied by 
increase of volume, the tardy slaking of the }>articles of magnesia may 
lead to the disrujition of tlie cement mortar. This action does *ctually 
take place, and in the case of cerbiiii cements of French origin, in *NYhich 
a dolomitic lime was used containing ds much as 25 piu* ceijit. of carbonate 
of magnesia, the expansion of the mass continued for several months after 
the mortar was made up and brought the material into so much disrepute 
that the manufacture had to be abandoned. 

« I 

Conjpounds of Magnesia with Silica and Alumina.-^The com- 
pounds formed ,by*Tmignesia with silica and alumina resemble in every 
respect the similar .‘silicates and aluminates off l^iie, and the affinity 
between the silicic' acid av<l the magnesia is gn^rter than in the case of 
lime.; but, as M. Fremy hasi pointed out, there is strong reason <tobelievo 
that these sub-stances also become hydmted much more slowly than*' the 
lime Compounds, and frtim this circumstance it follows that mortars which 



THE COMPOSITION OF POBTLAND CEMENT, 


63 


<;onsist of a mixture of the silicates and al^minates of lime and magnesia 
may, after tlie initial set of the lime, undergo molecular changes, due 
to the retarded hydration of the magnesia compounds, which may further 
disturb the original cohesion of the mass and lead to disruj)tion. • 

Magnesia Compounds fftre Hydraulic. — It has, however, been 
found by laboratory exj>eriments that the silicates and aluminates of mag- 
nesia acquire on hydration a superior degree of Imrdness to the similar 
compounds of lime, and that they remain wholly unaltered under water. 

Influence of Magnesia on Cements. — AVhen the j)ercentage of 
magnesia in the cement is small^ — say under 3 per cent. — and Avhen the 
purging or aii* slaking has been allowed to take place, no injury need 
be appi-ehended, but in all dense highly burned cements, the action of 
tlu', magnesia must be carefully watched. We do not anticipate any 
didlculties if the magnesia is combined wdth sulphuric acid as this com- 
pound does not become altered in the kiln. 

Homan and Hosondalo Cements. — Tn the tender-burned cements of 
the Homan cement type and in the Hosendale cement of the United 
8tatc‘s of America, described at p. 25, the magnesia is found to be quite 
liarmless. It should be remembered wl.'h' treating of the magnesia that 
this substance by itself is perfectly hydraulic, and calcined magnesia will 
set in water ami produce a stone-like mass. Hut foi* this purpose it 
should ])e calcined at a cherry red heat or at a very moderate temperature, 
and it must be ground to a line powder befoie use. 

Large amount of Magnesia present in American Cements. — It 
will be setun from the annexed analyses of Americ-an cements of tlie 
Itoseiidale type* that many of these materials conttiin a large percentage 
of magnesia in addition to lime and alkalies, and that the proportion of 
silica and alumina is low as compared with our English quick-setting 
ct'inents, as, for instance, those injule from the septtiria of Harwich and 
the Isle of feheppey, some analyses of which are added b>r the purpose of 
comparison. 

Analysis of Natural Cements. 



J^ayea 

No. 

Roseiidale. 

Layer 
No. 13. 
Koseiidalc. 

Layer 
No. 17. 
Rosendale. 

Shepi)ey 
Islaiul. 
Septa I ia. 

Harwich. 

Septaria, 

Carbonate of lime, 

Carbonate of magnesia, .» 
Silica, '^lay, anti insoluble 
silicates, .... 
Alumina, • * . . 

Peroxide of iron, , . • . 

Sulphuric acid, . 

Potash and soda (clilo^ide), . 
Watdt *id loss, '. , 

• 

4h:io 

2 d -04 

18-52 

2-18 

1-86 

1-96 

4-24 

0-20 

28-48 

32-86 

26-00 
4*64 
1*86 
118 
4-72 ^ 
0 26. 

40-00 

39-04 

11-10. 

2-52 

1^2 

0-22 

► 4 06* 

0-26 

• 

63-00 

4-2 

1*32*00 

o’-'s 

60-5 

5-7 

• 

33-0 

• 

0-8 

Total, 

98-30 

100-00 

98-62 

l(XJ(fJ 

1 100-00 


±. 
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“ Controversy Respecting;^ We Action of Sea Water on Cement.— 

The .presence of miagnesia as a constituent of Portland^ cement has 
attained considerable notoriety, in consequence of the partial failure of 
the g”cat harbour works at Aberdeen, attributed by Mr. Messent, Prof. 
Brazier, aiuf others, to the action of the magnesia in the sea water. This 
subject was brought under the notice of the members of the InstituHon 
of Civil Engineers in «■ paper by Mr. Wm. Smith, in 1891, and occasioned 
a most interesting discussion on cement action. We give in Apj)endix 
B a brief outline of the above paper and of the discussion that followed, 
which traverses the whole ground of the controversy. 

Alkalies in Portland Cement. — W(‘ have still to glance at the 
action of the alkali(‘s wliicli we regard as very imporUint constituents 
of the cement The only alkalies found in Portland and nearly always 
present in good samples, to the extent of from 0*5 to rather over 1-0 per 
cent., are potash and soda. These substiinces are derived mainly from 
the clays or clay shales, and while their action is most valuable during 
the calcination they are also Ixuiefieial, we believe, at the time of gauging 
the cement, for the alkaline silicates, as it is well known, are the only 
compounds with silica soluble in water. Their oflice as carriers of silicic 
acid to the lime and other sparingly soluble ingredients of the cement 
has, we think, not hitherto been sulhciently studied, and when con- 
sidering the s(‘t of cements and the rec^t theories respecting this much 
debated (juestion, the alkalies should not be overlooked. 

The Investigations of Fuchs. — It will bo sullicient here to allude 
briefly to the investigations of Fuchs, who demonstrated very clearly the 
influence of these substances. Thus he found that decomposed felspar 
when treated in the humid w^iy with caustic lime jiarted with 10 per 
cent. — that is to say, nearly the whole — of its pohisli ; he found furthc^r 
that substances containing but little alkaline matter, such as pumice-stone 
and pitch-stone, were dt;prived of the same by lime, and that both litliia 
and potash could be separated in this manner from Icpidolite (a silicate of 
alumina, litliia, and potash). By a similar process the alkali is sej[)arated 
from most varieties of clay and transferred to the lime. The solubility 
of alumina and gelatinous silica in potash renders it moretthan probable 
that tlie alkalies accelerate the hydraulic action of the lime by promoting 
and facilitating the gradual transf<u*ence to it of tJie silicii. 

Kuhlmann’s Experiments. — Kuhlmann^ carried out numerouc ex- 
periment's with the alkaline silicates constituting “water-glass,” which 
established the fact that these materials part wdth their*silica to the lime 
without, the aid of heilt, and the same reaction occuiVj with carbonate and 
sulphate of lime ftA with la\istic lime — the alkali transfers its silica to 
the lime .and unites with the carbonic or sulphuric acids. Chalk powder 
expoi^d to a solution ^of silicate of potash becomes after a short time 
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solidified into a stone-like mass, and a limp of ohalk immersed in the 
liquid receives a surface coating of silicath of lime, which on subsequent 
exposure to the air becomes so hard that it is capable of taking a polish. 
The induration of cement concretes by means of the so-called “silica-bath" 
depends upon this property, tMid the prcservatioti of watl surfaces by a 
costing of water-glass is another illustration of this principle. 

Portland Cement Manufactured from P^sed Clinker. — It has 
always been hitherto maiiihiined by cenn'iit experts that, in ord(‘r to 
produce a ptn-fect sample of Portland ceiiumt, the raw materials must be 
raised to the temperature of incipient fusion, but tliat it was fatal to 
exceed this temperature and to fuse any considerable j)ortion of the mass. 
Indeed, in many works, the accidentally vitrified clinkcu* was ])icked out 
and rejectf'd. This opinion has, however, of late been somewhat rudely 
assailed, and it is now asserted that by suitably selecting the constituents 
and by burning them at a tenij>erature caj)able of Jiu'lting them into a 
slag, such as is produced in the blast furnace, the product obtained is 
superior to tliat pi'epared in the ordinary way in the cement kiln. 
Experiments conducted in America at the Atlas Portland Cennuit Works 
with this process are still in progress, but it may b(5 remembered that 
exc('llent results hav(‘ b(;en obtained both in (Germany and in the United 
States in manufactui'ing cement from a mixture of finely-ground blast- 
furnace slag and limestone in the inaiimu’ we have described in our 
chapter on Sla<i Ceinaidti. It is evident that the silicates produced at 
the temperature of tluj blast furnaee> c«in i-eadily be decoitiposed in the 
presence of lime at the heat needed for the production of cement clinker, 
and there is no chemical dinereiice between the clinker produced from a 
mivtuit' of fused silicates, as contaiii(‘d in iron slags, and that resulting 
from carbonate of lime and clay as jirepared in the ordinary way. 
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CHAPTER yi. 

THE CHEMICAL ANALYSIS OF CEMENT RAW MATERIALS, 
PORTL AND CEMENT, AND LIME. 

Contents. — Limestone and Portland Cement Mixtures — Determination of Silica — 
Iron — Alumina — Lime — Magnesia — Sulphur — Alkali Metals — Chlorides — 
Carbon Dioxide — The Anal3'sis of Clay and Shale — Analysis of Portland 
Cement — Analysis of Lime — Atomic Weights and Factors. 

Limestone and Portland Cement Mixtures. — The method to be 
described is applicable to any material containing not less than 70 per 
cent, of carbonate of lime. If the carbonate of lime falls below this 
amount, the analysis is best mad(^ by one of the nu'thods described for 
day. The sample should be finely powdered, dried for some hours at a, 
temperature of 100'’ 0., and transferred to a stoppered weighing tube, 
from which, when cold, tin? following quantities are weighed oft’: — 

1. From O^f) to 1 gramme for the determination of sand, silica, iron, 
alumina, lime, magnesia. This quantity to be transferred to a platintim 
crucible. 

2. About 2 grammes for total sulphirf^ transferred either to a flask or 
a platinum crucible, according to which method of determination is 
decided upon. 

3. From 1 to 2 grammes for sulphuric acid, transferred to a beaker. 

4. About 4 grammes for pohish and soda., to be transferred to a 
platinum crucible of ample capacity. 

5. About 1 gramme for carbon dioxide, transferred to the evolution 
flask of the apparatus employed for the determination. 

Quantity ISTo. 1 — Determination of Total Silica. — Gently rap the 
crucible once or twice on the bench to consolidate its contents, gvhich 
should not be again disturbed, and ignite it, first at a gentle heat, qnd 
then strongly for from forty to fifty milutes in the full heat cither of a 
muffle furnace or of a blast-lamp. With a foot-blower this last is rather a 
tedious operation, and we prefer to u.se a Swedish blast-lamp with a vertical 
flame which burns ordinary paraffin. If compressed air is available in the 
laboratory, the ordinary blast Bunsen burner may of course be employed, 
and this is quite as<.*onvenient as the Swedish lamp. By this treatment 
the silicates are decomposed by the action of the lim^, wTiile the sand is 
practically unacted ppon. When cold, the contends of tlie crucible are 
turned out into a platinum ^lish and triturated witH a little watei* until 
all tendency to set has*disappeared, using either a stout glass rod with 
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roundeci end, or, better, a small agate p'^stle. .^d dilute hydrochloric 
acid in slight excess, and digest for a few tninutes at a gentle heat. The 
crucible is rinsed with a little dilute hydrochloric acid, and washed out 
into a dish. Tf tlie contents have not been disturbed, tliey will be found 
after ignition to have become .slightly consol idat(id, and drop out of 
the crucible in a lump, leaving onl}" a small quantity behind. Eva])orate 
the contents of the dish to dryness (a water bath is safest), and complete 
the drying by heating the dish in a hot-air oven for two hours at 150“ C. 
When cold, moisten the contents of dish with strong hydrochloric acid, 
cover Avith a clock glass, and set aside for lifhsm minutes. Add water, 
stir and break up any lumps if present, heat, filter, and w^ash precipitiite 
well w'ith hot w^ater. 

One evaporation is not sufficient to entirely separate? the silica. The 
filtrate is evaponited to dryness, and treatetl exactly as in the first 
instiince, the silica being collected and w^ashed on a separate filter. Both 
precipitates are strongly ignited over the blast-lamp in a platinum crucible 
and weighed. 

ratio7i of Sand froin the Silica pi'cvionsl// in Conibhiatum with 
Jiascs. — The contents of the crucible are cai*efully tninsfo’red to a 
])latinum dish and heated to boiling for some time, wdth a strong solution 
■of -iodium carbonate. 'J'he contents of the disli are allowed to settle for 
a minute or two, after* Avhich th(‘ clear liquid is d(‘cant(id thi’ough a small 
filter. The residiuj is again treated in the same manner wdth sodium 
carbonate solution, and the operation is repeated until it does not seem 
to decrease in bulk. The filka* is k(‘pt w('li waslusl with hot w’ater, and 
it is by pn'hirence enclosed in a hot-water jacket. The contents of dish 
ar e finally removc'd to the filku*, and repeatedly w^ashed Avith hot water. 
If the Avashing proceeds sloAvly, it is ju'obable that the solution, while 
filtering, has deposikul silicii in the gtdatinous state upon the filter. Tn 
this ciise the precipitate should be av ashed out <jf the filter into the 
}>latinum dish, and again boiled with solution of sodium carbonate. It is 
always safest to pursue this course, as the silica has a great tendency to 
separate as the* solution cools. Th(i precipitate is again filtered off and 
repeatedly Avashed with hot Avatfr, then with Avater slightly acidulated 
Avith hydrophloric acid, finally with pure hot water. It is then strongly 
ignited over the blast-lamp in a platinum crucible and weighed. Its 
weight, deducted from that previously found, gives the weight of the 
silica previously combined A^ith bases, together with any free soluble 
silica that may have been present in the original substance. The 
examination of ffliisjpre45ipitate will be referred to Jurther on. 

Deter ftiinaiio7\ of f^on and Alumina. — To the filtrate from 1:he silica 
add a^li^itle bromine, and boil. Allow the*^^quid to cool, add ammonium 
hydrate in very slight excess, anck again boil the liquid. The precipitate 
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of /erric and aluminiu^n oxides settles badly, but filters rapidly, even 
without the aid of q suction apparatus, and nothing is gained by allowing 
it to settle ahd washing by decantation. Wash it once or twice on the 
filter with hot water, setting aside the filtrate 'and washings, which 
should be collected in ‘a beaker of ainplo caimcity. The precipitate is 
washed out of the filhu* into the b(‘aker in which the precipitation was 
originally eftect(;d, and ^should be dissolved in a little dilute hydrochloric 
acid, with the addition of broniine. Ammonium hydrate is added in very 
slight excess, and the solution with j)recipitate is boiled. The precipitate 
is filtered oil’ and well washed with hot water, the filtrate and washings 
being i-eceived in the beakcu* containing tin; filtrate from the first pn^cipi- 
bition. Care should be taken that this precipitate is sulliciently washed, 
as it retains traces of linu' with great obstinacy. A small (juantity of 
the washings should be co]le(;t(‘d in a test tube, to which a drop of 
ammonium oxalate is added, the contents of the tube are boiled, and the 
tube with contcuits cooled by immersion in water, as traces of calcium 
oxalate do not se]>arate from a hot solution. If lime is present, the con-, 
tents of the test tube are rinsed into th(‘ beaker confiiining th(^ filtrate, 
and the washiiig is (iontinued until a sample of the washings gives no 
trace of lime when tested as described. The s(‘cond })rccipit{ition should 
never be Omitted. 'J’lu^ precipitate of ferric oxide and alumina is dri6il, 
strongly ignited in a platinum crucible, alloAvtMl to cool, ajid weighed. 
The filtrate is lu'ated to boiling, sullicien^ boiling solution of ammonium 
oxalate being added to c(mvert all the lime and magnesia present into 
oxalates, and tlu^ boiling is continued for two or three minute^^. This 
produces a granular precipitate which sc'ttles rapidly. The beaker with 
contents is set aside for a fcNv hours. 

Separation of Ir&ii and A lamina . — The ignited precii)itate of mixed 
oxides is fused in a platinum crucible with acid sulphate of pofixssiiim at 
a low temperature. The melt is dissolved in hot water with a little dilute 
sulphuric acid, and is transfern'd to a fiask fitted with an evolution tube 
in which is a llunsen valve. The solution is reduced by zinc, ai^ the 
iron is determined by titi’ation with permanganate. I'he alumini^ is 
taken by difference. The rt*siilts obtained by this method are not 
absolutely accurate, but are sufficiently so for technical purposes. 
Disturbing causes are the presence of small quantities of titanium, 
phosphorus, and also manganese, if the precipitation has been effected in 
the presence of bromine. It is best to use bromine and separate it here, 
as Jt yv’ould otherwise appear in the precipitates of lime and magnesia. 
If necessary, as perhaps in the case of Roman oemqnt, it may be deter- 
mined in a separate portiop by the basic acetate ^nethod. Titanium is 
r^uced by the action of nasq^qit hydrogen ; hence, if zinc is employed to 
reduce the solution, tile result for iron will be slightly high. Exact 
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results may be obtained by reducing with hydrogen sulphide, boiling,off 
the excess ift a stream of carbon dioxide aRd titrating ^vith permanganate. 
The titanium may be determined in the solution after titrtftion for iron, 
by Weller’s colorimetric method.* ^ 

If preferred, the iron m«Ly be determined •gravim5ti»cally by the 
following method : — The solution containing the mixed oxides, after 
fusion, is allowed to fall drop by drop with consityit stirring into a strong 
hot solution of pure sodium hydratt*, contiiinerl in a porcelain, or, better, 
a platinum dish. The contents of the disli are boiled, diluted considerably 
with water to avoid destruction of the fdter papi'r, hltertMl, and the 
precipitate is repeateally washed with hot water. Tt is very difficult to 
free it from adhering alkali. After well washiiig it is washed out of the 
filter, dissoh ed in a little dilute hydrochloide acid, ammonium hydrate 
added in very slight (‘xcess, boiled, the precii)it«ite filteivd olT, well 
washed, ditesl, ignited, and w('igh(‘d. There is always a risk that this 
precipitate may contain traces of alumina, and for very accurati' work 
*we })refer to pr(‘cij)itate the iron a second tinu' with sodium hydrate, 
w'ell washing the precipitate, and finally pi-ecipitating wdth amiiKmiiim 
hydrate. 

If it is desired to estimate th(‘ alumina dii-ectly, the pre(a]>itate of 
niixed oxides filtered from the solution containing tlu' liiiu' and Jiiagnesia 
is not ignited, but is dissolved in a little dilute bydrochloric acid, and 
the iron is determim'd as above. The filtrates and washings are rendered 
acid w'ith hydrochloric acid, a crystal of potassium chlorate is added to 
destroy any organic matter which might la* present, and which would 
interfere with the comph'te precipitation of tin* alumina, and the solution 
is concentrated considerably. Ammonium hydrate' is added drop by 
droj) until the solution is just alkaline, and it is then boiled until a strip 
of moist turmeric i)a})er held in the steam does not become brown. The 
precipitate is filtered off, repeateally waislied w ith hot watei*, dried, and 
ignited strongly over the blast lamp in a platinum crucible until the 
weigl^ is constant. 

JDcierminatxon of Lime. — The supernattint li(juid from the precipitate 
of calcium oxalate is decanted o^’^r a filter, and th(‘ precipitate is washed 
two or three times by decantation. Tt is dissolved by heating with dilute 
hydrochloric acid, the solution is rendered alkaline with ammoiiiuni 
hydrate, and boiled after^ addition of a few drops of ammonium oxalate. 
The beaker with contents is set aside for a couple of hours, the clear 
liquid decanted over the previous filter, tlie j)recipitate w^asheTI twm or 
three times by ^etg.nt»tion, finally transferred to filter, and well washed. 
The precipitate should be washed with cold \^ter, as,it is slightTy soluble 

# * • 

* JBer.*l)eutsch. Chein, Gesdl.^ 1882, vol. xv., jf. 2593^al>stracled in the Journal 

SoSiety of Chemical Industry ^ 1882, vol.®i., p. 506. 
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in ]iot water. It is di’ifed, strongly ignited over blast-lamp in a platinum 
erucible to constant^ weight, and weighed as caustic lime. * 

If preferred], the lime may be weighed as carbonate. The precipitate 
is dried in the steam oven, separated as far as possible from the paper 
which is com|)l^tely incinerated in a coil of platinum wire, and together 
with the ash of filter gently heated to very low redness in a platinum 
crucible. Care should^ be taken not to overheat the crucible. The 
ti'ansition from oxalate to (iarbonate is indica . d by the blackening of the 
precipitate, the colour of which immediately afterwards changers to white. 
The contents of crucible are, when cold, moistened with a saturated solu- 
tion of ammonium carbonate, and carefully evaporated to dryness at a 
gentle heat. The crucible is then heiited short of redness, and when cold 
is weighe<l with its conbuits. 

Determinatio7i of Magnesia . — 'Jbe fdtiale and washings from the cal- 
cium oxalate are (;onccnt]‘ated until ammonium salts — formed during the 
progress of the analysis — begin to cryshillise out. To save time this 
operation may bo commenced as soon as a suflicient quantity of filtrate, 
has been obtained from tln^ first precipitation of the lime. The ammonium 
salts are best expelled before precipihiting the magnesia. IV> affect this 
two methods arc aN'ailabhx 

1. The concenti’ated solution is washed into a flask, strong, puVe, 
nitric acid is added, and the fiask is gently heated. A violent reaction 
takes place on heating, and the decomposition of the ammonium salts is 
complete when the reaction ceases, and is not repeated on the addition of a 
few c.cs. of nitric acid. The contents of fiask arc boiled down, carefully 
evaporated to dryness oji a sand-lmth, heated with a little water and a 
few drops of hydj'ochloric a(;id, and washed out into a small beaker. 

2. The concentrated solution is tran.sferred in small quantities to a 
platinum dish; carefully evaporated to dryness, and gently ignited until 
the ammonium salts are entirely expelled. The residue is heated with 
water and a few drops of hydrochloric acid. 

The hydrochloric acid solution in either case is rendered distinctly 
alkaline with ammonium hydrate. Should a milky precipitate separat^., it 
consists of magnesium hydrate, and a tew drops of ammonium chloride 
solution should be added to dissolve it. Two drops of ammonium oxalate 
solution are added to ensure the complete separation of lime, and the 
solution is boiled. A slight white precipitate separates in flocks. It 
consists mainly of silica and alumina, principally derived from the glass 
and porcelain vosselfe-’ used for the analyses. IManganese, if present, will 
be separated here. It;?, presence is indicated by the, precipitate turning 
brown oii exposure .to air.^ AVhen cold the solutipn is filtered and the 
precipitate is disregarded. magnesia is now present in a cle&r con- 

centrated solution, free' from excess of*' ammonium salts. It is rendered 
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strongly alkaline with ammonium hydmte, solutij?n of sodium phosphate 
is added in •excess, the mixture is well stirred and ij^‘t aside for twelve 
hours. The precipitate is filtered off and washed with* a mixture of 
3 parts water and 1 p^‘t of strong ammonium hydrate until a few drops 
of the filtrate, rendered slightty acid with nitric ?lcid, give ao opalescence 
oi^ the addition of a few drops of a solution of silver nitrate. The pre- 
cipitate is dried, separated from the filter, and tpinsferred to a j)latinum 
crucible. The filter is completely incint'rated in a coil of platinum 
wire, the ash being allowed to fall upon the precipitate. The crucible 
is ignited, at first gi'iitly, finally at the full heat of the blast-lamp. The 
magnesia is weighed as pyrophospliate. 

8omo analysts do not remove ammonium salts, but precipitate 
magnesia in the mixed filtrates and wasliings from the lime after con- 
centration to a moderate bulk. When time permits and for accurate 
work they should always b(‘ got rid of by one of tlie methods described 
as a eleaiKU' })r('cipitate is thereby obbiined. Now that many speeifica- 
»tions limit the (luantity of magnesia in Portland eejuent, often allowing 
Old}' a very small percentage, it is especially important that this consti- 
tuent sliould be accurately determined 

Quantity No. 2 — Dett rmI nation of Total Sulphur . — Two nu'thods are 
afailalde — {a) by oxidation with nitric acid or other liquid oxidising re- 
agents, or {b) by fusing with an oxidising fusion mixture, the sulphur in 
each cas(} lj(‘ing coinert(‘d into suljdiuric acid. 

{(i) By Oxidation iu^ tlip Wet Way. -A little wat(*r and dilute hydro- 
chloric acid are added to the vveiglied quantity in ilask to expel carbon 
dioxide. As small a quantity as possible should be used. Htrong 
fuming nitric acid is then added, and the flask is gently heated on a 
water-bath, a small funnel being placed in the mouth to avoid loss by 
spirting. A little })owdered chloiate of potash is added in small portions. 
When th('. oxidation is judged to be complete, the contents of flask are 
washed out into a porcelain disli, a little chloride of sodium is added, and 
the contents of the dish are evaporated to dryness. When cold, a little 
stj^ong hydrochloric acid is added, and tin; solution is again evaporated to 
dryness. The nitric a(;id is repliced by liydrochloric acid by repeating 
this operation once or twice, and the residue is finally taken up with 
hj'drochloric acid as in the separation of silica. Water is added, and the 
precipitate is filtered bffi The filtrate is boiled, a little boiling solution 
of bariuMi chloride added, and the boiling is continue. 1 for several minutes. 
The beaker is set aside for a few hours, the precipita>te is then filtered off, 
washed, dried, igny^edf and weighed. • 

(h) The weighed ^^uantity in the platim^i crucible is mixljd with a 
little fusion mixtufe, composed of four p^ts of sodium carlionate to one 
part of potassium nitrate, by cai^fully stirring with a rounded glass rod,, 
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and is fused at a »;entle heat. This fusion is best done with a Berzelius 
spirit lamp, tu* a SY^edish lamp* Tf coal gas is used, care must be taken 
that the contents of tlie crucible are not contaminated with sulphur from 
the flapie. The lower part of the crucible should 'be inserted into a hole 
cut in a piece «of‘'asbesto.<?* millboard, which it should accurately fit. When 
(rold, the melt is boiled out with water, and evaporated to complete dvy- 
n(‘ss, after the addition, of hydrochloric acid. The residue is taken up 
with hydrochloric acid and water, and the precipitate filtered off. The 
sulphuric acid is determined in the filtrate (‘xactly as in 1. 

Quantity No. 3 — Sulphur occurring as Sulphuric Acid. — The quan- 
tity in the beaker is treated witli a little water and dilute hydrochloric 
acid, and is heated to expel carbon dioxide. The precipitate is filtered 
off, washed, and the sulphuric acid is determined in the filtrate in the 
manner previously descrilx'd. The sulphuric acid found here exists most 
probably in combination with lime as calcium sulphate, and b> this it is 
usually calculated. The percenhige of sulphuric acid found here is 
deducted from the i)er(;entiigc! found in tlu^ quantity taken for total 
sulphur. From the dilfer’ence, the sulphur present as sulphidci is cal- 
culated to ferric sulphide', FeS^. Care should be taken that the reagents 
used for these determinations are themselves free from sulphur. 

Quantity No. 4 — Determination of the Alkali Metals. — These are be'l^t 
dotermine<l by Profi'ssor Laurence Smith’s method, of which we give a 
brief summary. Full details will be foflnd in Crookes’ Select Methods in 
Chemical A nalysis. 

The silicate is fused with its own weight of pure ammonium chloride 
and six times its weight of pure calcium cjirbonate, prepared by precipi- 
tation with ammonium carbonate from a hot solution of the pure chloride, 
the precipitated calcium carbonate being filtered off, well washed, and 
dried. 

It must be remembered that the silicate forms only a portion of the 
materials, the analyses of which we are considering, and that a con- 
siderable quantity of calcium carbonate is already presemt. Thir fact 
should be taken into account when calculating the quantities of ammonivm 
chloride and calcium carbonate to be ahded. Thus in a ceipent mixture 
containing, as it would do, about 75 per cent, of carbonate of lime, it 
would only be necessary to add ammonium chloride to the extent approxi- 
mately of one-quarter the weight of the substance taken, and calcium 
carbonate equal to three-fourths of its weight. 

The required quantities of ammonium chloride and calcium carbonate 
having been weighed <jff, they are intimately mixed jn a small mortar, 
and addeA to the weighed quantity of the substan/^e in the crucible, the 
contehts of which are thoroq^ihly mixed by stirring' with a smalF glass 
rod or spatula. The mixture is then heated, at first gently, and finaMy 
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to full redness for an hour over a blowpipe flaine. When cool, the 
crucible with^its contents is placed in a platinum or porcelain dish, water 
is added, and the contents of dish are heated. The sintered*nuiss, after a 
time, becomes detached .from the crucible and disinte^rab's. The contents 
of the crucible are then wasLgid into the dish. •When Completely dis- 
integrated, the contents of the dish are filtered, and the precipitate is 
well washed. Tlie prt'cipitab^ is rejected, the filtrate contains the 
alkalies, together with lime and also magnesia, if present, as it almost uni- 
versally is in limestone. The liquid is heated, after ammonium hydrate 
and ammonium carbonate are added in slight excess, together with a 
few drops of ammonium oxalate, and it is then filtered. The filtrate and 
washings are concentrated in a porcelain beaker or large poi’celain dish 
until ammonium salts begin to ciystallise out. The contents of the dish 
are tlnm washed into a wide-mouthed flask of aniph^ capacity, and strong, 
pure nitric acid is added in sufhcient quantity to decompose the animonium 
salts present. TIk' flask is heated until th(' reaction is at an end, and the 
contents are (svaporated upon a sand-bath to complete dryru'ss. Professor 
Smitli proposes as an alt('rnative course to eff(^ct the evaporation in a 
porcelain dish, after the decomposition in the Hask is complete; stating 
that the dish should b(‘ of Berlin pon^elain. Our own (‘xperience is that 
uiih'ss it is of extremely good porcelain, the dish is acted upon to a con- 
siderable ext(‘nt by the acid solution. The residue is boih'd with baryta 
water to remove magnesia, and filten^d, the excess of baryU being 
removed from the filtrate by luiating with ammonium hydiute and 
carbonate. The precipibite is filtered off, and the filtiuto is evaporated 
to complete dryness, after the addition of a few drops of dilute hydro- 
chloric acid in a weighed platinum dish. The dish is carefully heated in 
a sand-bath to ensure perfect drym*ss, and when cold it is weighed. The 
mixed chlorides an' separated as follows : — 

Sej)aration of the Chlorides . — The contents of the dish are dissolved in 
water, a few drops of hydrochloric acid an* added, together with platinum 
chloric^ in excess. The dish is heated on the water-bath until the 
contents arc in S semi-fluid pasty condition, a little alcohol is then added, 
ancT the dish is gently shaken to mix the contmits. The double salt of 
platinum and potassium, K^,PtCl(., crystallises out as the liquid concentrates 
on the water-bath. If the liquid becomes colourless, or of a v('ry pale 
straw colour, sufficient 'platinum chloride solution has not been added. 
When th^ precipitate has^settled, the supernatant liquid is dr^canted off 
and passed through a filter that has been previousl^r washed, f!ried at 
100 C., and wei^ied. 'J’he treatment with alcohol ^is repeated once. The 
precipitate is then washed from the dish upon the filter with'a jet of 
alcohol^ contained in^ a small wash-bottle, the washing being continued 
until the washings are colourlesst The paper with the precipitate is 
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dwed at 100“ C., and weighed. The sodium chloride is taken by 
difference. Both chlorides are* calculated to oxides. * 

Quantity No. 6 — Determination of Carbon Dioxide. — This should be 
deterp[iined by the increase in weight of absorption tubes, and one of the 
best forms <*f apparatus for this purpose is that given by Fresenius,* 
which may be referred to. We ourselves use this apparatus, and fin(^ it 
to give extremely accu/’ate results. One imj)rovem(}i]t may be suggested. 

1 nstead of the U tubes fith^d with corks or caoutchouc stoppers employed 
by Fresenius, it will be found much more convenient to use those with 
glass stoppers and leading tubt^s. 

Examination of the Silica Trisoluhlc in a Boiling Solution of Carbonate 
of Soda. — This may consist entirely of silica, or of silica with some 
undecomposed silicate. For accurate work its nature should always be 
determined. Two methods are available : — 

1. Aft(‘r weigliing, six titnes its weight of fusion mixturt? is added 
to the precipitiite in the platinum crucible, and it is then thoroughly mixed 
with it by stirring with a rounded glass rod. Tlie crucible is heated 
over a blast-lamp, at first cautiously, finally at full luuit, and this heating 
is continued until all action ceases and tin; conbmts nuiiain in a state of 
CJilm fusion. The; fused substance is treated with dilute hydrochloric 
acid, heated gently to expel carbon dioxide, and the silica is determit.ed 
exactly as previously described, ]5ase^if present — that is, if the silica 
was not })ure quartz sand — arc; dctc'rmim;d in the filtrate. 

2. The preci]ntate is cautiously heated in the platinum crucible, with 
a little pure' hydrofluoric acid and a few drops of sulplun’ic acid, and 
evaporated to di'yiiess. This treatment is repeatcMl, the crucible ignited 
and weighed, and the silica ('stimated as loss. The residue contains the 
bases as sulpluites. Tin; hydrofluorii; acid must be pure, and the operation 
must be entirely conducted in the (qjen air, or the windows and all glass 
apparatus in the laboratory will be attacked. Fresenius suggests the use 
of fluoride of ammonium instead of hydrofluoric acid, but we have not 
our.selves ti’itMl this reagent. 

Tho Analysis of Olay and Shale. 

General Classification. — For tin* purpose of analysis, w^e may divide 
clay and shale into three classes 

1. That in which (;alcium carbonate is absent, or in which it oixrurs 
only in moderate (quantity, up to, say, f) or G per cent. 

. 2L fhat in w^hi^^l calcium carbonate is present in quantities as large 
as from 20 to 70 p(>»' cent., as, for instance, ki gauft clay, the clays 
and shaU'w of the . lias, aijid the shales of the carboniferous limestone 
ioi’mation. 

* Quantitative Auab/iHs, vol, i., p. 340. 
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3. Alluvial mud from the banka of tidal rivera^'^such aa Medway mi^d, 
in which oaicium carbonate ia either abSent or pregent only in small 
quantity, but which may contain chlorides and sulphates of magnesium, 
and of the alkali metals. 

1. Analysis of Clay or Shale Containing Calcium Carbonate 
in Small Quantity. 

Initial Preparation. — The sample in the rough stjite is diied for some 
time in the steam oven. Jt is then finely powdered, further dried in the 
steam oven for several hours, and preserved in a well-stopperc'd glass tube. 

Potash, soda, feiric sulphide, calcium sulphate, and carbon dioxide are 
determined exactly as in the analysis of limestone. 

Deienninatioit of SUlca, Oxide of Iron^ Alumina^ Lime^ and Magnrsia . — 
From 0-.5 to 0‘8 gramme* is weighed into a platinum crucible, and fused 
with six times its weight of fusion mixture. Some t('xt-books advise the 
use of a larger amount than this, whicJi is doubtless necessary for certain 
ililicates, but our own experience shows that any of thosc^ occurring in 
cement materials arc entirely decomposed by fusion with this (juantity, 
and it is always advisable to introduce as little foreign matter as possible 
into the substance under examination. The contents of the crucible are 
fu.Xid, tin* fused mass is treated with dilute h}.drochloric acid, heated to 
expel carbon dioxide, and evaporated to <lryness in a platinum dish. The 
silicii, oxide of iron, alumina, lime, and rufignesia are determined as in 
limestone, except that the magnesia is precipitated in the filtrate; from the 
lime — bc'ing concentrated if necessary -without removal of the am- 
monium salts. 

Saiul may be determined as follows : — About 0*5 gramme of the dry 
clay is weighed from the tube and transferred to a platinum dish. Sul- 
phuric acid, diluted with its own volume of water, is added, the contents 
of the dish are strongly heated for about nine hours, then evaporated 
nearly to dryne.ss, and boiled with water. The sand and the silica which 
was previously combined with ba.ses are filtered off and well washed 
witti hot water. The matter is washed out of the filter into the 
platinum disl^; the sand is then Separated, and its nature is determined 
exactly as in the case of limestone. 

Determination of Combined Water and Organic Matter. — Two suf- 
ficiently accurate methods^ are available according to circumstances, viz. : — 

(a) A* weighed quantity, from 0'5 to 1 gramme, of the clay, after 
drying in the steam oven, is ignited over a blast-lamp until the height is 
constant. If ferric^ sulphide and calcium carbonate are absent, the loss 
may be sht down as jvater and organic matter. ferric suiphide is 
present, iihe loss consists of water, organic if^tter, and sulphur, the latter 
being replaced by oxygen ; the i^n, previously ih combination with it. 
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existing now as ferric oxide. The Joss per cent, on ignition requires, 
therefore, to be diminished b'Jr the percentage of ferric suiphide in the 
clay, and increased by the equivalent quantity of ferric oxide. If calcium 
carbonate is present, the percentage of carbon dioxide must of course be 
deducted fr ►m the tc/tal percentage of 'doss. If ferric sulphide and 
calcium carbonate are both present, the method (b) should be adopted in 
preference. 

(b) From 0*5 to 1 gramme of the dried clay is treated in a beaker or 
evaporating dish with water and very dilute hydrochloric acid in very 
slight excess, warmed gently to expel carbon dioxide, rendered slightly 
alkaline with ammonium hydrate, heated to boiling, and filtered through 
an ashless filter paper, which has been previously dried in the steam oven, 
and weighed. The residue on the filter is well washed, dried with the 
filter paper in the steam oven for two hours, and again weighed. From 
the loss of weight after ignition, less the weight of filter paper, the loss 
per cent, is calculated. This should be corrected for ferric sulphide, as 
described under method («). 

2. Analysis of Clay or Shale Containing Calcium Carbonate 
in Considerable Quantity. 

Preparation . — The sample is prepared for analysis as in 1. J 

Determination of Potash and Soda, Ferric Sulphide, C aid am Sulphate, 
and Carbon Dioxide . — These are detelfhined exactly as in limestone in 
separate portions of the dry clay. 

Combined Water and Organic Matter . — About 1 gramme of the dried 
clay is weighed, transferred to a beaker or evaporating dish, water is 
added, and then dilute hydrochloric acid, in very slight excess ; the mix- 
ture is heated to expel carbon dioxide, ammonium hydrate is added in very 
slight excess, the whole heated to boiling, filtered through a dried and 
weighed filter paper, well washed, dried in the steam oven for two hours, 
and weighed. The weight, less that of the filter paper, is that of the 
actual clay in the quantity taken. It is strongly ignited with the filter 
paper in a platinum crucible, and again weighed. Its weight, deducted 
from that previously found, less that^ of the filter paper, is that of the 
combined water and organic matter, which should be corrected if ferric 
sulphide is present. 

Lime and Magnesia as CarhonaUs . — These are determined in the 
filtrate from the clay exactly as in limestone. 

Silica, Oxide of' Iron, Alumina, Lime, and MagneM,a as Silicates . — The 
clay,' after ignition, js fused in the platinum ^irucible, and these con- 
stituents are deterpiined exactly as in the first method for clay. 

iSiOTwf.— This is determined in about 1 gramme of the original clay by 
the method previously described. 
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3. Analysis of Medway or Salt Water Mud. 

This may be analysed by the first ftiethod giv^ for clay. The 
analysis of Gillingham mud, given in the next chapter, was made by the 
following method, which may be employed if a more detailed examination 
is required : — ^ • 

^Preparation , — This material is prepared for analysis as in the previous 
instances. ^ 

About 8 grammes of the dried clay are weighed oft*, digested with 
water, treated with a few drops of dilute nitric acid, filtered through a 
weighed filter paper, well washed, dried in the steam oven, and >veighed. 
The filtrate? is made up to one litre. 

The clay is separat(*d from the filte'r |mper, finely powdered, and 
preserved in a tube. Sand, silica, oxide of iron, alumina, lime, magnesia, 
ferric sulphide, potash, soda water, and organic matter are estimated in 
y)ortions of this, as in the case of No. 2. Carbon dioxide, if present, is 
iletermined in a portion of the original clay. 

• 250 c.c. of the filtrate from the clay are taken for the determination of 

silica, oxide of iron, alumina, lime, and magnesia. 

250 c.c. are taken for the deteriniy ;jtion of the alkali metals. The 
(juantity i-s transferred to a beaker, rendered alkaline with ammonium 
hydrate, h(‘ated to boiling, ammonium carbonate is added to separate any 
lime ])resent, and the solution is filtered. The filtrate is evaporated to 
diyness in a ijlatinum dish, and the ammonium salts are removed by 
genth' ignition. The residue is boiled with a little baryhi water, filtered, 
the excess of baryta being separated from the filtrate with ammonium 
hydrate and ammonium carbonate, again filtered, and the filtrate evapo- 
rated to com])lete diyrjess in a weighed platinum dish. After being 
weighed, the mixed chloride's are evaporated with platinum chloride, as 
described in the analysis of limestone. Sulphuric acid is determined in 
200 c.c. of the solution. 200 c.c. are rendered neutral or very faintly 
alkaline with sodium carbonate, a few drops of potiissium chromate 
soluticMi are added, and the chlorine is det(?rniined by titration with 
standard silver nitrate. 

The Analysis of Portland Cement. 

Determination of Silica^ Oxide of Iron^ Alumina^ Lime^ and Magnesia. 
— These are determined exactly as in the ca.se of limestone or the mixture 
of raw materials, in from 0’5 to 0*8 gramme of the finely-powdered 
cement. Previous ignition is not nece.ssaryi^, as l#ie silica separates 
entirely as a gelatinous hydrate on heating and dig^'sting the cement with 
hydroc?hlot’ic acid. Bqfore adding this acid t^^e weigljed quantify should 
be trittfrated with a iittle water until all tei1|^lency to set has disappeared. 
The iron may, if preferred, be d^rmined in a .Separate portion of the 
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eminent, by which means the troublesome bisulphate of potash fusion of 
the mixed oxides js avoided. ^From 1 to 2 grammes of thfc cement are 
weiglied off, boiled with dilute hydrochloric acid until decomposed, the 
solution reduced, and titratcid with standard bichromate. Or the hydro- 
chloric acid ^ofution is tendered slightly alhaline with ammonium hydrate, 
boiled, the precipitate filtered off, washed out of the filter, and dissolved 
in dilute sulphuric acid. The solution is reduced by zinc or hydrogen 
sulphide, and the ir()n is determined by titration with permanganate. If 
hydrogen! sulphide is employed for th(^ reduction the excess is boiled off 
while passing carbon dioxide through the flask. 

Determination of Ferrous Iron . — A weighed qiicantity of from 4 to 5 
grammes of cement is triturated with excess of water in an evaporating dish 
until all tendency to set has ceased, when a little bicarbonate of soda is added. 
The mixture is washed into a flask with a double-bored stopper, through 
one hole of which pass(‘s a funnel or thistl(5-head(;d tube with stopcock, 
through the other a tube fitted with a Bunsen valve. Tlie (H'lnent is 
decomposed by heating with hydrochloric acid, which is admitted to th^ 
flask by th(i funnel tube, and the ferrous iron is determined by titration 
with standard bichromate. 

Deter miyiation of DisoUtble Silica and Sulphui’ic Acid . — In all cements 
a portion of the silica is insoluble in a boiling solution of sodium « ir- 
bonate, and is, consequently, inactive. In analysis results such silica is 
frequently described as “insoluble lesf^ue,” and in cements of good 
quality it rarely (exceeds from 1 to 2 per cent. A weighed quantity of 
about 1 gramme of the (;ement under exandnation is decomposed by 
hydrochloric acid in a porcelain or platinum dish, evaporated to dryness, 
on the water-bath, t\m silica separated and filtered off, and the sulphuric 
acid determined in the filtrate by precipitjition with barium chloride, as. 
previously described. The evaporation to dryi'ess is not absolutely 
necessary, but the time occupied is .saved by the more ready filtration. 
The silica is wa.shed out of the filter into a platinum dish, and the 
'insoluble portion is di'.termined by boiling with .solution of carbopate of 
soda. The percentage found is deducted from that of the‘ total silica. ^ 

Determination of Sulphide Sulphur } — About h grammes arc taken for 
the determination of sulphur existing, combined with calcium, as calcium 
sulphide. The weighed quantity is triturated in a porcelain dish with 
water to a thin slip until it shows no further tendency to set. It is 
washed into a flask fitted with a doubly-borecl rubber cork, ^ A funnel 
tube palfees through one of the holes, and reaches nearly to the bottom of 
the flask ; one limb of^a tube bent twice at right ^lngle8 is inserted in the 
other hoie, reaching only ^just through the cork.^ I'he other 'limb dips 
into ^ ftolntion of cadmium cMoride contained in a beaker or a tajJ-Miarrow 
eJUnder.: It shonid vhacVv nearly to the bottom of tbexeasel. Hydro* 
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chloric acid is passed through the funnel into th^ fla^sk, which is gently 
heated until the cement is entirely decomj^sed, the coj^tents being finally 
boiled. The contents of the beaker are passed through a filter that has 
been previously washed, dried at lOO'^C., and weighed.* The precipitate is 
well washed and dried with th* filter at lOO** C., tlfe perceiftage of calcium 
sulj^hide being calculated from the weight of the cadmiuih sulphide. 

Potash and Soda . — These are (h'.termined by Lawrence Smith’s method, 
as before. 

Determination of Carbon Dioxide and Water . — A weighed quantity of 
about 0-5 gramme is sti'ongly ignited in a platinum crucible to constant 
weight. The loss, generally described in analysis results as “loss on 
ignition," is considered to be carbon dioxide and water. Carbon dioxide 
alone may be determined by th(i apparatus devised by Dr. Fresenius, 
previously referred to. l^h'om 4 to 5 gi-ammes should be taken for the 
fletermination, which should be triturated with water before being 
transferred to the evolution flask. By a modification of this apparatus, 
as used for the analysis of black ash,* both carbon dioxide and sulphur 
existing as sulphid(^ may be determined at one and th('. same operation. 

The Analysis of Lime. 

Hydraulic lime may conveniently be analysed by the method given 
for Portland cement. With comparatively pure limes the method 
selected must depend upon what is required to be known regarding them. 
Frequently a determination of lime alone, or of lime and magnesia, is all 
that is needed. A weighed quantity of about 0*5 gramme is dissolved in 
hytlrocliloric acid, the solution is rendered slightly alkaline with ammonium 
hydrate, boiled, and the precipitate of silica, oxide of iron, and alumina 
filtered ofi, dried, ignited, and weighed. Lime and magnesia may be 
determined in the filtrate. The loss on ignition should not be neglected 
in any analysis of lime. By determining also the carbon dioxide, the 
lictual lime and that present as ctirbonate and as hydrate may be stated 
in the^esults. If it is required to determine the silica, oxide of iron, and 
alumina, about* 2 grammes should be taken for the analysis, and these 
constituents may be separated as fn Portland cement. The filtrate from 
the oxide of iron and alumina is made up to 1 litre ; 250 c.c. are taken for 
the determination of lime and magnesia, and 500 c.c. for sulphuric acid. 

JVoiea. In many cases itj^will not he necessary to completely analyse cement or 
jement materials. An accurate determination of some of the principal constituents 
is frequently all that is required. A double evaporation separate silffia should 
Uways be made, a^ also a double precipitation of the oxide of iron and alumina, if 
lime and magnesia ar^ present. It should also be remembered that a jingle pre- 
cipitation effects only a •very imperfect aeparatioip of magftesia from lime. The 

letermination of carbon dioxide is often oraitted^as it is assumed that the whole of 

— — 1 • 

* Fresenius, Quantitative Analysis^ voL ii., p. 2,34. 
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th» lime and magnesia is present as carbonate. Tliis is not strictly true, as a portion 
of these substances, ^Ithougli oftdn a small one, exists as silicatd', especially in 
hydraulic limestones. Further reference to this will be made in the following 
chapter when dealing with rapid methods of determining carbonate of lime in raw 
materials and mi^ttures. Ijp some materials sulphur in any form occurs in such small 
quantity that for practical purposes its i>resenco may be disregarded. When dealing 
with lias materials it must not be ignored, as some of the beds contain iron pyytes 
in such quantities as to upfit them for the purpose of cement manufacture. The 
same may be said of many of the carboniferous limestone shales, while gault clay 
frequently contains notable amounts of selenite. A perfect method of cement 
analysis has yet to be devised. In the present state of our knowledge wo can only 
make an ultimate analysis, and determine the percentage of each constituent. They 
undoubtedly exist in combination, but no method of proximate analysis by whi(;h 
these compounds may bo separated and determined is as yet known. 

Taken alone, the analysis of Portland cement is no indication of its quality. It 
may agree in ultimate composition with cement that has been proved to bo of the 
highest quality, and yet itself bo faulty. Chemical analysis will show if it has been 
made from suitable materials, if they have been combined in the correct proportions, 
and if certain constituents— such as magnesia and sulphuric acid, an excess of which 
would be likely to give trouble— are within the proper or the required limits. It is 
also possible by this means to detect most forms of adulteration. The analysis will 
not show if the constituents of the raw mixture, although in the correct proportions, 
have been properly ground or uniformly mixed, or even if the cement has been 
sufficiently burned. To determine these points, and to obtain complete inforniat^ipn 
os to the j)roperties of Portland cement, recourse must bo had to mecdianical tests, in 
addition to chemical analysis. 

Cement Adulteration, 

Detection of Adulteration . — The admixture of Portland cement with 
less valuable materials is not commonly practised in this country. 
Attention was first called to th(‘ subject about nine years ago, when 
certain manufacturers in the London district were found to be grinding 
Kentish rag — a siliceous limestone — with their clinker. The practice 
in question is, however, of much older date than this. So far back as 
1871, John Glover, the inventor of the Glover Tower, so well known 
in the alkali industry, read a paper befoi’e the Chenpeal Society of 
Newcastle-upon-Tyne “on the adulteration of Portland Cement with 
slags.” In 1882, attention was called to the subject at, a meeting of 
the German Society of Cement Manufacturers, and it was declared 
to be a fraud upon the purchaser. Experiments were undertaken 
by Messrs. R. & W. Fresenius at the request of the Society,* ^.and 
certain j[;ules for its detection were laid down. The subject wSs investi- 
gated , in this country by Messrs. Stanger & Bloupt, with special 
reference to the addition of Kentish rag. ^ t 

The choice of materials »for this purpose is necessarily limited, as they 
nqust* be of low cost, and they must not affect the colour of th6 cement. 
t* Zeitschrift fur aimlytkche ChemiCf vol, xxiii., p. 175, 
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Among possible ingredients are certain limestones, sandstones, old fire- 
bricks, hard shales, and blast-furnace slagj# The addition of sandstone, 
siliceous limestone, shale, or firebrick is easily detected by the detetoin- 
ation of insoluble residue. This, in a normal cement, does not exceed 2 
per cent., and is generally less^ If higher than 2»per ceria., the addition 
of some siliceous substance may be taken for granted. 

5?he loss on ignition in well-burned and matured cement rarely exceeds 
2‘5 per cent. If limestone has been added, it 'w^ll certainly be greater 
than this, while the addition of an impure limestone will also result in a 
high percentage of insoluble residue. 

Adulteration by blast-furnace slag is not easily detected, as many 
slags apju'oach very closely in their composition to that of Portland 
cement. Owing to the presence of sulphur as sulphide and ferrous iron, 
Messrs. Fresenius found that the reducing action of slags, when titrated 
with potfissium permanganate, was much greater than that of pure 
Portland cc'ment. Of 12 samples of pure cements experimented upon, 
^e quantity of permanganate, reduced by Od gramme, varied from 0*79 to 
2-8 milligrammes ; of 5 sainj)les of slag, from 44*34 to 74*6 milligrammes. 
From these results they say that the w' ight of permanganate, reduced by 
1 gramme of cement, should not exceed 2*8 milligrammes. This is dis- 
, pu'ed by Dr. Michaelis,* who experimented with 5 samples of pure 
cement. No, 1 required 11*6, No. 2 3*3, No. 3 19*9, No. 4 14*7, and 
No. 5 1*2 milligrammes of p(‘rmanganate. The Fresenius test would 
condemn all those except the last. 

Symbols and Atomic Weights of the most Impoiitant J<]lkments. 


From fhe Table of Intemalional Atomic Weighti*. 




0 = 1(5. 

11 = 1. i 



0 = 10 

n = i 

Aluminium, . . 

A1 

27*1 

“ 1 

26*9 

Lead, .... 

Pb 

206*9 

205*35 

Antimony, . . 

8b 

120*2 

119*3 

Lithium, . . . 

Li 

7*03 

6*98 

Arsenic, . . . 

As 

75*0 

74*4 

Magnesium, 

Mg 

24*36 

24*18 

Baridm, . . . 

Bismurh, . . .• 

Ba 

137*4 

136*4 

Mangane.se, . . 

Mil 

55*0 

54*6 

Bi 

208*5 

206*9 

Mercury, . . 

Hg 

200*0 

198*5 

Bpron, . . . 

iffomine, . . . 

B 

11 

10*9 

Nickel, . . . 

Ni 

58*7 

68*3 

Br 

79*96 

79 *3# 

Nitrogen, . . 

N 

14*04 

13*93 

Cadmium, . •. 

Cd 

112*4 

111*6 

Oxygen, . . . 

0 

16*00 

15*88 

Calcium, . . . 

Ca 

40*1 

39*8 

Phosphorus, 

P 

31*0 

30*77 

Carbon, . . . 

C 

12*00 

11*91 

Platinum, . . 

Pt 

194‘8 

193*3 

Chlorine, . . . 

Cl 

3.')*45 

35*18 

Potassium, . . 

K 

39*15 

38*86 

Cliromium, . . 

Cobalt, . . 

Cr 

52*1^ 

51*7 

Silicon, . . . 

Si 

28*4 

28*2 

Co 

69*0 

58*56 

Silver, . , . 


107*93 

107*12 

Copper, . . . 

Cu 

63*6 

63*1 

Sodium, . . . 

N^ 

23*05 

k 22*88 

Fluorine, . . 


19 

18*9 1 

Strontium, . . 

"{Sr , 

87*6 

86*94 

Gold 

Au 

197*2 

195*7 1 

Sulphur, . . -. 

S 

32*06 

31*83 

Hydrogeik, . . 

H* 

1*008 

1*000 i 

Tin; . . . 

Sn 

119*0 , 

118*1 

Iodine, . . . 

I 

1 H6-85 

125*90 : 

Titaniun^i . . 

m 

1 48*1 

47*7 

Iron, ? , . . . 

♦ 

_ 

Fc ■ 

i 55*9 

i 

55*5 

' • 

Zinc, . . . 

• 

Zn 

65*4 

64*9 


* Thcndnd. Zeit,, vol. xxiv, (59), p. 860. 
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Factors foe use in Cement Analysis with their Looarithms. 

f. t 

^Cakvlated frotn the Atomic Weights in the International Tahle—¥L=l. 


Found. 

Sought. 

r 

Factor. 

Logarithm. 

,, 

}iaS 04 

CaS 04 


T-7657430 

]?aS 04 

CaS 042 H 20 

•7374 

1-8677031 

BaS 04 

' S 

•1373 

1*1376705 

BaS04 

SOs 

•3429 

1*5351675 

BaS04 

HsS04 

•4206 

1 *6238693 

2 BaS 04 

FeSa 

•2570 

1*4099331 

CdS 

CaS 

•4994 

1-6984485 

CdS 

S 

•2219 

1*3461573 

CdS 

CaS04 

•9422 

1*9741431 

CaO 

CaCOg 

1-7843 

0*2514679 

CaO 

CaS 04 

2-4272 

0*3851056 

CaO 

CaS 042 H 20 

3 0695 

0*4860676 

CaO 

CaOHgO 

1-3211 

0*1209357 

CaCOa 

CaO 

•5604 

1-7484981 

CaCOa 

CaS 04 

1*3003 

0*1336347 

CaCOg 

CaS 042 H 20 

1-7202 

0-2355789 

CaCOg 

CO 2 

•4395 

1*6429589 

COj, 

CaCOg 

2-2750 

0*3569814 

CaS04 

CaS 042 [f 20 

y 1 -2645 

0*1019188 

CaS 04 

SO 3 

•5880 

1*7693773 

SOs 

CaSO* 

1-7006 

0*2306022 

CaOHaO 

CaO 

•7569 

1*8790385 

FegOg 

2FeO 

•8999 

1*9541943 

2FoO 

Fe 20 s 

1-1112 

0*0457922 

FcjOg 

2 F 0 S 2 

1-5022 

0*1767278 

FoSs 

Fe, 0 , 

•6656 

1*8232133 

FeSj 

Fo 

•4657 

1 *6681062 

F©S| 

S 3 

•5342 

1*7277039 

MgO 

MgCOs 

2-0901 

0*3201671 p 

MgCOg 

MgO 

•4784 

1-6797912 

MgjPjOr 

2MgO 

•3624 

1-5591882 

MgaPaO; 

2 MgC08 

•7575 

1*87^3826 

KjPtCle 

2KC1 

•3071 

7*4872798 

KsPtClg 

K,0 

•1941 * 

1*2880255 

2KC1 

KaO 

•6320 

1 *8007171, 

' 2NaCl ‘ 

NaaO 

r 

•5308 

i':7249309 
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CHAPTER VII. 

ANALYSES OF RAW MATERIALS AND PORTLAND CEMENT, 
CALCULATIONS OF PROPORTIONS, RAPID METHODS OF 
MAKING DETERMINATIONS, AND SPECIFIC GRAVITY. 

Contents. — Analyses of Raw Materials, Portland Cement, and Clinker — Calculations 
of Proportions of Lime and Claj' — Rapid Methods of Testing — Calcimeter and 
Nitrometer — Direct Determination of Lime in Raw Mixture.^ — Specific Gravity. 

Analyses of Raw Materials. — The analyses which follow have been 
selected from among others made by the authors as being fairly repre- 
sentative of materials either generally employed in, or suitable for, 
the manufacture of Portland cement. In the clays and shales the un- 
c(jpibincd silica has not, in every case, been determined, as modem 
practice conclusively shows that, if the mixture with carbonate of lime 
is suitably proportioned and ground suflficiently line, sandy clays, or 
those in wliich much of the silica occurs in the free state, may be suc- 
cessfully used, the whole of the silica being brought into the soluble form 
during the process of burning. Analyses of lias limestones have been 
given in an earlier section of the book. 


GAULT CLAY. 


No. 1 from Arlesey, Herts ; No. 2 from Sussex. 


• 

No. 1. 

No. 2. 

Silica (as fine sand), .... 

. 12-28 

16-35 

Silica, combined, . . • . 

. 27-53 

28-08 

Oxide ^f iron, 

. 5-70 

7-47 

Alumina 

. 13-94 

15 08 

Lime, . . . , . 

1-18 

1-08 

Magnesia, . . 

. 1-17 

•90 

Cafbonate of lime 

. 30-73 

21-52 

Carbonate of magnesia, 

1«8 

1-lff 

Sulpliate <31 lime, , . . , . 

. . ^ -52 

1-96 

Combined watJlr and organic matter, . 

. 5-02 

5-80 

JPotash and soda Ihot determined), , 

# • 

%- 

• 

*99-45 

^99 -34 
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MEDWAY 

MUD. 


From Gillingham, 


Silicai 

. 38*413 

^ As sand in an extremely 

Alumina, with trace of iron, . 

. 1-856J 

fine state of division. 

Silicai * . . . 

25*249 


Alumina 

. 14*244 


Oxide of iron, 

. 6*774 1 

Combined as silicate. 

Lime, . . ' . 

. *810/ 


Magnesia, 

. 1*7*27 


Potash, 

. 2*957 


Soda 

•773 


Water, 

. 3*384 


Iron pyrites, 

•214 


Silica, 

*118 


Oxide of iron, with trace of oxide 

of 


manganese, .... 

*214 


Alumina, 

•123 


Calcium sulphate, .... 

*490 


Magnesium sulphate, 

•425 


Magnesium chloride. 

. *024 


Potassium chloride. 

•524 


Sodium chloride, .... 

. 2*166 

100*455 


ALLUVIAi;^ 

CLAY. 


North of England, 


Silica (as fine sand), 


. 41*84 

Silica, combined, .... 


. 24*22 

Oxide of iron, .... 


. 6*80 

Alumina, 


. 15*00 

Lime, 


. 1*66 

Magnesia, 


. 1*43 

Sulphate of lime, 


•19 

Combined water and organic matter. 


. 7*95 

Potash and soda (not determined), 

. 

* 99*09* 

BOULDEB,, 

CLAY. 


From the Tyne, 

V 

Silica (as fine sand), 


. 14*56 

Silica, combined, .... 


. 41*43 

Oxide of iron, .... 

.*• . 

. 10*66 

4 A-lumina 


. 15*81 

Lime, 


. 3*00 

Magnesia, . r . 


. 216 

Sulphate of Ijme, ^ . 

• • r 

. -IS 

Combined water and organic matter, 

, • • 

. . . 10-6^ 

Potash, and soda <not determined), i 


08*41 
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SHALES. 

No. i, Carboniferous, South of Ireland; No. 2, Siluriar^ South of Ireland. 


Silica, 



No. 1. 

. 64-05 

No. 2. 
69-00 

Oxide of iron, 

a 

. 

. « 8-04 

* 8-50 

Alumina, . 



. 1606 

* * 16-07 

Lime, . 



, 100 

-35 

Magnesia, . 



.# 1*58 

2-15 

Potash, 



. 3*44 

* 

Soda, . 



. 1*61 

* 

Loss on ignition, 



. 4*29 

3 07 


*Not Determined. 

100 07 

99*14 


Chalk anj) Limkstonk. 


No. 1. Upper or white chalk, . 

,, 2. Lower or grey chalk, . 

» 3. „ . . 

„ 4. Carboniferous limestone, 

1 . 5 . 

M G. 

»> 7. ,, 

, M S. 

,, 9. Cement rock, 


Kent, England. 

Kilkenny, Ireland. 

Charlestown, Scotland, 

»» 

Lancashire, England. 

Lehigh Valley, Pennsylvania, U.S.A. 


Resdi.ts of Analyses of Chalk and Limestone. 



No. 1, 

No. 2. 

No. 

No. 4. 

No. r>. 

No. 6. 

No. 7. 

No. 8. 

No. 9. 

Silica, . 

■84 

3-43 

“ 

7*98 

*93 

7*70 

2*15 

2*27 

1-25 

15*28 

Alnnniia, 

•2.S 

1*73 

2*86 

•25 

1*23 

*27 

1-46 

*32 

4*50 

Oxide of iron, 

•09 

1*02 

1*31 

*32 

1*65 

*42 

*79 

•21 

1*61 

Iron i>yrites. 








*13 


Sulphate of lime, . 







"^3 



Carbonate of lime, 

98*37 

92*98 

86*45 

97*87 

87-k 

95*97 

93*47 

95*04 

... 

71*21 

Carbonate of 


I 








magnesia, . 

• ^ 

*21 

•49 

•64 

*45 

1-92 

1*41 

1*42 

2*54 

5*67 

« 1 

99*74 

99*65 

1 

99*24 

1 • 

99*82 j 

99-86 

100*22.99*64 

1 

99 49 

98-27 


No. 1. 



n 6. 
.. \ 


Raw Cement Mixtubes. 

From white chalk and Medway mud. 

,, grey chalk a^d gault clay. 

blue lias limestone and clay. 

,, carboniferous limestone and clay. 

,, cal^ limestone and shale, Dublin ; and limestone from Kildare. 

• „ hard (^ystallino limestone and white clay,*New South Wijes. 

lower caflioniferous limestone, limestone shale, and fresh-water 
river alluvium. 

All these, except the first two, are dry process mixtures.^ 



Results of Analyses of Raw Cement Mixtures. 
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No. 


ANALYSES OP RAW MATERIALS. 
Portland Ce^tent. 

i. From white chalk and Medway mud. * 

2 grey cJialk and gaulfc clay. 

blue lias limestone and clay, 
chalk marl and alluvial clay, 
white chalk and boulder clay, 
carboniferous limestone, shale, and alluvial clay. 


77 


, 2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


carboniferous limestone and shale. ^ ” 

Rusitlts o f Analyses of Various Sam.-les ok Portland Cement. 


1. No. 2. 


Insoluble siliceous 
matter, . 

Silica, 

Alumina, . 

Oxide of iron, 

' Lime, 

Magnesia, . 

Sulphate of lime 
Water and carbonic 
acid, 

IJptash, 

Soda, 


2-89 

21-30 

fi-59 

5-38 

61-45 

•44 

1*42 


•43 

•42 


1-23 

21 -33 
9-17 
410 
61 00 
1-32 
•80 


•73 

•40 


4-55 

16-86 

6*36 

4-83 

62-50 

2-36 

MS 


•97 

•52 


No. 4. 


1-65 

21-79 

6-71 

4-62 

61-38 

1-65 

•80 


•89 

•53 


No. 5 . 

No. 6. 

1 1-35 

1-49 

20-92 

20-12 

7-46 

6 71 

4-97 

4-03 

59-63 

' 60-99 

1-34 

2-29 

1-86 

1-89 

2 06 

1-70 

* 

* 

* 

« 

99-159 

92-22 1 


No. 7 . [ No. 8. 


1*22 1*40 


20-70 
6-88 
4 04 
63-67 
1-53 
1-24 


19-74 
I 5-97 
1 4-73 
62-88 
i 2-63 
I 1-54 

i *74 


J'lO. 1 , From Ransomo’s kiln. . . 

>1 2 . ,, Riidersdorf, nr. Berlin. 1903 

Thames. . . , 1902. Wet 

.}i903. .. 

J^hames. . . _ ]9 q2 

Snssox. . . . 199J ’’ 

Medway. . • I9 qI 

Thames. . . . 1993 

Medway. . I993 


„ 3. 
n 4. 

„ * 5 . 

^ » J* 

M 8 . 

» 9. 

10 . 


Not determined. 

Rotary Kiln Clinker. 

im Dryproceas. Pnol, producer gas. 


powdered coaL 


oil. 

powdered coaL 



Anat^yses of Various Samples of Rotary Kiln Clinker. 
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Calculation of Proportion of Eaw Materials. — From the results 
of the analysis of the raw materials, the proportions in which they should 
be mixed may be calculated. Le Chatelier states that tht proportion of 
lime in Portland cement of good quality should not be greater than that 
required by the formula : — ^ 

CaO + MgO 

+ AlgO^ ' j 

or less than that required by : — 

CaO + MgO o 

111 both formulas the quantities indicated are equivalents, and not 
weights. These formulas assume that magnesia is equivalent to, and 
operates as, lime, an assumption wliich is not now generally accepted. 
This is pointed out by Dr, Erdmenger,'*' who eliminates the magnesia, and 
jvriU‘.s the formula — 

CaO _ o 
SiO, + AUXj ~ ’ 

stilting that it may give a product too higli in lime, and that many 
cements of good quality are represented by — 

_ 9.5 

SiO., + Atb, ■ 

Highly siliceous clays require more lime, than those rich in jilumina, but 
by the ])receding foi’inulas the lime can only be proportioned to the silica 
iind alumimi tiiken together, leased upon the result of researchers, which 
v'ill be ref('i‘red to later, Messrs. Newberry I’epresent the composition of 
Portland cefuent by the following formula, in which the magnesia is 
disregarded, and the lime is proportioned to the relative quantities of 
silica and alumina present: — 

X (SCaOSiO,) + Y ( 2 Ca 0 Al, 03 ). 

SCaOSiOg cort'esponds to 2*8 parts of lime by weight to 1 part of silica, 
and 2 Ca 0 Al 20 ^ represents 11 part of lime to 1 of alumina. Substi- 
tuting weights for equiy«lents, the formula reads : — 

Lime = Silica x 2-8 + Alumina x 1*1. 

To illustrate the method of calculating from this formula, we will take 
a carboniferous limestone and a boulder clay of which the analyses are as 
follows#; — 


Chem. Zeit., 1893, vol. xvii., p. 982. 



80 


CALCAREOUS CEMENTS. 




Limestone. 

Clay. 

Sili--, 

f • • • 

. 2*06 ^ 

66*77 

Alumina, 


•35 

17*76 

Oxide of iron, 


. 1*32 

9*23 

Lime, 


. 51*99 

4*38 

Magnesia, . ^ . 


•66 

2-93 

Loss on ignition, 


. 43*12 

8*96 

p 

Limustone. 

99*50 

99-03 

Per cent, silica, 


. 2-06x2*8 = 

5*77 

,, alumina, . 


•35x1*1 = 

-.38 




6-15 


That is, 6-15 parts of limo are required for the silica and alumina present 
in limestone, leaving 51-99 - 6-15 = 45-84 })arts available for combin- 
ation with the silica and alumina in clay. 


Clay. 

Per cent. Hilioa 55*77 x 2-8 = 156-15 

,, alumina, 17-76x1*1= 19*63 


175-68 

Deduct limo contained in 100 parts clay, 4 -.*18 

* 

171*30 


That is, 171*3 parts of lime are required for the silica and alumina con- 
tained in the clay. Tn the limestone 45*84 per cent, of lime is available ; 

. , . , 171*3 X 100 q7q p 

therefore, for 100 parts of clay there are required — = 375*0 

parts of limestone. The percentage of carbonate of lime in this mixture 
is calculated as follows : — 

100 parts of clay contain 4*38 x 1*7843 = 7*81 parts of carbonate 

of lime. f » 

100 parts of limestone contain 51*99 x 1*7843 = 92*76 parts of ^car- 
bonate of lime. . 

... . 92*76 X 373*6 „ ^ i. f 

373*6 parts of limestone will contain = 34b*t) parts or 

carbonate of lime. 

The mixture thus consists of — ' 


.100 

373-6 


parts 0 ^ clay containing 7*81 parts of carbonate of lime. 

,, limestone containing 34 6*50 'V ” 

,, .,mixtur^ containing .364*31 ^ ' 

. 354-si X 100 

Carbonate of hme per cent. = 74 81. 


473*6 
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The proportions of the raw materials are fri.tpiently calculated so 
as to give a desired percentage of carbonate of lime^ in the mixture. 
Whatever the composition of the materials, if they are suitable foi the 
manufacture of Portland cement, this percentage will vary between very 
narrow limits and will lie between 7/) to 77 or 75 -5 per cf'ut. In most 
Cfise^ from 75 to 76 per cent, will give the b(*st rcisults, except perhaps 
in the case of very siliceous cla 3 ^s, when the carbonate of lime may reach 
to 77*5 or oven 78 per cent. The relative proporti(fns of the two materials 
may b(i determined the following simple rules : — 

1. From the percentiige of carbonate of lime contained in the chalk 
or liiiKistone deduct the pcn-centage required in the mixtun*, the result 
will be tho weight of clay^ or shale needed. 

2. From the required peroenhige of carbonate of lime in the mixture 
deduct the percentage contained in the claj’^ or shale, the result will be^ 
the weight of limestone to be used. 

For example, let us assume the ease of a clay o»‘ shale containing 
Sif) per cent, of carbonate of lime and a chalk or limestone containing 
1)1 per cent., both materials being in the diy condition, 76 per cent, 
of (!arbonat(‘ of lime being rcijuired in the mixture. The relative 

proportions then arc^ - 

91 - 70 = 15 parts clay or shale. 

76 - *25 = .51 parts chalk or limestone. 

25 X 15 

15 parts of clay or shale contain — 3*75 parts of carbonate of lime. 

91 X 51 

51 parts of chalk or limestone contain - = 40 ‘41 ,, ,, 

51 j- 15 = 66 parts of mixture contain 46*41 + 3*75 = 50 16 ,, ,, 

Carbonate of lirno in mixture 

Ob 


Obviously, by multiplying each of tlu^se proportionate' quantities by the 
same number any conveniemt weights of the materials may be employed. 
If the manufacture is by the wet proctiss, allowance must be made for the 
water ^*esent i 4 \ the materials. In the example given w(^ will assume 
these proportions are as follows: — Clay containing 22, and chalk 
containing 16 •per cent, of water in the condition in which they are 
weighed into the wash-mill. 100 parts of clay then contain 78, and 
100 of chalk 84 jmrts of solid matter. 

The relative proportionfi then are — 


Clay = 19-23. 

dChalk — ° = 60 - 71 . 

84 ^ ♦ 

The composition of the finished cemenC caniR)t be accurately cal- 

• 6 
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culated from that of the raw mixture, as the results are influenced by 
the silicates contained in t’.ie ash of the fuel. For this reason the 
results obtained from samples burned in trial kilns cannot successfully 
te compared with those obtained from the same mixture of materials 
burned on the manufacturing scale, as in the trial kiln the quantity of 
fuel required amounts to from twice to three times that necessary in 
large kilns. 

Rapid Methods of Testing the Accuracy of Raw Mixtures, 
CaloimeterB.— The accuracy of the raw mixture requires to he con- 
stantly tested, and it is essential that the tests should be rapidly made, 
so that the proportions, if inaccurate, may be nvad justed without delay. 
The result may he arrived at by determining the jicrcentage of loss 
on Ignition of a small quantity— about O-fi gramme— of the material, 
previously dried at 100° C., which is strongly ignited in a platinum 
crucible by a bl.u-st-lamp or in a muffle furnace. The result should be 
compared with that obtained from a normal .sample of the .same material, 
the accurate composition of which is known. A weighed quantity may 
be titmted with a known exce.ss of standard hydrochloric acid, titrating 
back with alkali agreeing volume for volume with the acid, using methyl 
orange as an indicator. This is a more rapid method than the one 
previously dc.scrilied and it involves only one weighing, but in this i..ic 
also, the result should be (simpared with that from a normal .sample. 

The method most often employed w that of measuring the volume of 
carbon dioxide evolved upon treating a weighed quantity of the material 
to be tested with hydrochloric^ acid, and from this volume calculating the 
amount of carbonate of lime pre.sent. Various special forms of apparatus 
known as calcmucters have been devised for this purpose, wdth tables for 
facilitating or dispensing with calculations. The results from any of 
them are only approximately accurate, but they are^^sufficiently so for 
technical purposes. A portion of the carbon dioxida evolved is retained 
by the acid employed for the decomposition, and the quantity varies 
with the volume given off and with the temperature and pressure pre- 
A ttiling at the time the determination is made. 

Scheibler’s Calcimeter.— An instrument, devised by Dr. Scheibler, 
for determining the amount of calcium carbonate present in the animal 
charcoal used for sugar refining, ha^s been frequently employed for making 
a similar determination in Portland cement mixtures. A description of 
the apparatus, with instructions for its use, will bo found in -everaf text- 
books 6f analytical chemistry,* and they need not be repeated here. The 
prinpiple of its action, is this : — The carbon dioxide evolved by the action 

*Freseiiiu8, CheKUCal A^’^ilynis—Q'iuxnlitativey vol. i, p. 344, 7th ed.; Sutton’s 
Vol^etric'Anaiyifk, p. 87, 5th Jed.; Crooke’s Select Melhoda in Chemical Analysis, 
p. 567, .ird ed. * , * 
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of hydrochloric acid upon a weighed quantity of the material to be tested 
displaces a corresponding volume of water frftm a graduated tube. To the 
volume, when read off, is added a correction to allow for the carbon 
dioxide retained by the acid ustnl for the decomposition. Schcibler gives 
0-8 c.c. as the volume to be added to that read off. • Warrington* points 
out l^mt this is not a constant quantity, but is dependent upon the volume 
evolved, and fixes 7 per cent, of this volume as the quantity to be added. 
The totiil volume is reduced to shmdard conditions, and from this the 
calcium (carbonate', is calculated. It has been suggested that, with this 
apparatus, corrections may be dispensed with by making a dett'rmination 
with pure calcium ctarbonate — the relation between this amount and that 
conbiined in an equal weight of the material tested being a simple pro- 
portion stiitement. For testing cement mixtures it would be better to 
use as a standard a sample of the same material of whi(;h the composition 
is known. The result of any determination with the standard, of course, 
^)nly holds good for comparison so long as both temperature and pressure 
remain unchanged. A second instrument may bo employed, and the 
<;onfin(xl volumes may be adjusted as the temperature and pressure alter, 
but for working in (‘omparison with a J-tandard, Dr. Lunge’s nitrometer, 
the use of which will be presently described, is a much more delicate and 
«.ffAveiiient instrument. 

Dietrich’s Calcimoter. — A more modern appliance, and, at the 
same time, one of the best forms of calcimetor, is that of Dietrich. The 
measuring tube is graduat(!d into 100 c.c., each of which is subdivided 
into fifths. This is c.onnected with the levelling tube by thick- walled 
rubber tubing, the connections being securely bound with wire. Either 
water or mercury may be used as the confining liquid; the latter is 
j>referable. The tubes are held by clamps attached to a vertical rod 
which is secured to a cast-iron base? plate. An ordinary retort stand 
answers this purpose sufficiently well. The top of the measuring tube is 
drawn out to a smaller tube, closed by a short piece of rublx’r tubing and 
a pinch^'oek, a short branch tube is connec-ted with the drawn-out portion, 
but fixed at ri^^it angles to it. The gas generating bottle is of about 
]dl)c.c. capacu^, with a wide mou^li closed by a rubber stopper, through 
the centre of which passes a short piece of glass tube. This tube reaches 
just through the stopper, and is raised sufficiently above it to admit of 
connection with a rubber^ tube, which conn^ts the bottle with a coil 
made of cci per or brass pipe of small diameter. This coil is of such 
a diameter that tl^e generating bottle will easily enter 4t, and it stands in 
a tin or copper cylint^er containing water. The othiBr end of the coil is 
connected Vith the brg-nch on the side of tjje meq,^uring tulSe by a 
sufficient length of rubber tubing, the cylinder with coil and the generat- 
^ Chemical Newa^ vol. xxxi., p. 253* 
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ing bottle standing on the working bench. The tube for containing tlie 
jicid is made of g;utta percha 9jr vmicanite, and is of such eftmensions as to 
contain 5 c.c. of acid without danger of spilling when leaning at an angle 
of about 45° in the generating bottle. Either a good aneroid or a Bunsen 
barometer is 'neccssaiy, and two thormoiileters — one for the air, the other 
for the cjlindei- containing the coil, the water in vdiich must be pmin- 
tiiined at the same temperature as the air. This instrument gives a 
constant volume for any one sample of mateiial testerl, whatever the 
temperature and pressure ; the weight to be taken for the determination 
conseciuently varies with tlui readings of the thermometer and barometer. 
A table supplied with the apparatus gives the weight for all ordinary 
temperatures and pressures, and a second bible gives the r(;quisite cor- 
rection for the absorption by the 5 c.c. of hydrochloric acid employed 
for the decomposition. The w(‘ights are so arranged that the indicated 
volume as read off, plus the number for that volume from the absorption 
table, gives tlie percenbige of carbonate of lime without further cal- 
culation. I 

Bcifore commencing a d(‘t<.u'mination the height of the barometer and 
the temperatuHi are nob'd. Tliese an', referred to in the bible, and the 
corresponding weiglit is asc(;rUiined. The requii'od (quantity of the dry 
material is accurately weighed ami transferi'ed to the gemerating booi,*l. 
The tube containing 5 c.c. of hydrochloric acid is carefully inserted into 
the bottle, and is allowed to lean a^inst the side. Commtu’cial hydro- 
chloric acid answers tlu' purpose very well, and is most conveniently 
measured from a burette, which may be automatically filled from a stock 
bottle. The pinch cock at the top of the mea.suring tube is next opened, 
the stopper is inserted into the bottle, and the levtd of the confining 
liquid is carefully adjusted to the zero mark. The pinch cock is then 
closed, tlie whole of the acid is brought into contact with the weighed 
carbonate, by inclining the bottle, using the right -hand, the levelling 
tube being at the same time lowered with the left hand. The bottle 
is well shaken, placed in the cylinder of water containing f;he coil, 
and the levels are roughly adjusted. The bottle will be heated by 
the hand of the operator, and sonVe heat is also generated by the 
action of the hydroifhloric acid on the carbonate. By the use of the 
condenser both the bottle and the evolved gas are brought to the 
temperature of the air. The bottle is from time to time taken from 
the cylinder, well shaken, and replaced. This is important, as with 
some Alaterials the liquid retains the carbon dioxide wi^th great obstinacy^ 
.Causes contributing to this are the presence- of bituminous matter, 
magnesium carbonate, and silica in the gelatinou-y state. 

When the evolution is complete the bottle is^-allowed to remain in 
the condenser, and the tubes are levelled. The volume is read off; and 
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the correction for absorption is added. The resulting number gives th^ 
percentage of carbonate of lime in the sampl* tested. . 

Faija’s Calcimeter. — The Faija calcimcter is a modified form of the 
Dietrich apparatus. A pamphlet containing the tables and likewise a 
full description of the method or using it is supplied with thb instrument, 
but a brief description may be given here. A constant weight of the 
materials to be tested is biken, the gas volume for any one sample con- 
sequently varies with the temperature and pn'sstfre. The temperature 
only need be taken into consideration, as the volume is always measured 
under the standard pressure of 760 mm. In the arrangement for efiect- 
ing this, and in the graduation of the measuring tube, the instrument 
differs from that of Dietrich. The variation in construction is as 
follows: — 'J'he upper end of the levelling tube is drawn out in a similar 
manner to the lower one, and to this a flexible tube is fastened, which is 
connected with an aneroid barometer secur('d to a board which forms the 
back of tlie instrimK'nt, and to which the tubes are attached. The 
flexible tube is sufficiently long to admit of the raising and lowering of the 
levelling tube. A short flexible tube with an india-rubber ball at the end 
is also connected v ith the barometer. T'y a simple piece of mechanism, 
the barometei’ may be brought to standard conditions according as the ball 
i 5«ilatten(‘d t<; a gr(*atej- or less extent between a disc and the board 
forming the back of instrument. Above the barometer a tiip is placed. 
When this hip is open, the levelling tube is in communication with the 
outer air : when it is closed it communicatt‘s with the barom(;ter. A 
second hi}) at the up})or end of the measuring tube allows the communi- 
cation betwe(‘n this and the tube from the generating bottle to b(* closed. 
The flexible tube and })inch cock at the top of measuring tube in the 
Dietrich ap})aratus is in this ty})e of instrument replaced by a tap. 
The confining li(juid is water. The method of making a determination 
is the same in both (;ases, exce}it as regards the final measurement of the 
gas volume. "J’he weight of material taken is 0'65 gramme, the quantity 
of hydr 4 )chloric acid 10 c.c., and the carbon dioxide is evolved and the 
tulx) approximalely levelh'd at the atmo.spheric pressure. The taps 
on the measuring tube and abov?; the barometer are then closed, and 
the barometer is adjusted by compressing or exj)anding the india-rubber 
ball until it indicates the standard pressure of 760 mm. The tubes 
arc then accurately levelh'd, the volume is read off, and the temperature 
is noted. T/liese numbers are referred to a table which is so arranged 
tliat the percentage of carbonate of lime may be at #nce read oA No 
correction for absorptjon*is necessary, as this is allowed for in graduating 
the measurfng tube. ^ ^ • 

Xiun^e’s Nitromoter. — This apparatus Jiay be used for testing raw 
mixtures. The most suitable form is that with th5 cup or funnel on the 



86 


CALCAREOUS CEMENTS. 


^top of the measuring tube, and fitted with the Greiner-Freidrich tap, 
mercury being jised as the confining liquid. The nitrOineter, from its 
wide applicability, is so well known to all chemists that it need not be 
described here. To adapt it for the determination of carbon dioxide, a 
wide-mouthed ErJemncyer flask, of from 80 to 100 c.c. capacity, is 
provided, with a well-fitting india-rubber stopper, thi'ough which a^short 
piece of glass tube passes. By means of this it is connected with the 
bent tube from the- tap by about 3 inches of strong india-rubber 
tubing. The acid is contained in a glass or ebonite tube which leans 
against the side of the flask, and contains 2 c.c. when about half filled. 
Dr. Lunge uses the nitrometer for the determination of (^ir'boii dioxide, 
taking always 5 c.c. of acid for the decomposition, and calculating the 
quantity to be added for absorption from the following table by 
Dietrich : — 


TABf.E SlIOWINC TUE AcSOJlPTION OF CaKIiON DioXIDE BY 5 C.C. HYDHOCIIi.OlilC 
Acid of Specific Gravity ri25. 


Given off, c.c. , . 

1 

2 

4 

6 

8 

10 

12 

14 

16 

Absorbed, c.c., . 

1*85 

2‘UO 

231 

2-62 

2*93 

3*24 

3 55 

3 '86 

417 

Given off, C.C., . 

18 

20 

22 

24 

26 

28 

30 

32 

34 

Absorbed, c.c., . 

4*48 

4*79 

4% 

1 4-98 

5-03 

5*06 

6-09 

5 11 

514 

T!i’ 

Given off, c.c., . 

36 

38 

40 

! 42 

44 

46 

48 

50 

55 

Absorbed, C.C., . 

517 i 

1 

5*20 

5-2| 

1 5*25 

5*27 

5*30 , 

5 32 

5-35 

5-41 

Given oft’, C.C., . 

66 

65 

70 

' 75 

80 

85 1 

90 

95 

100 

Absorbed, C.C., . 

1 

5-48 

5-55 

562 

5*69 

5*70 

5*83 

1 5*90 

6-97 

6*04 


The figures found in the second line should be added to those read off in the first 
line, before reducing the volume to 0** and 760 niillinietres. 


For testing cement mixtures we prefer to work in comparison with a 
sample of the same material, of which the composition is accurately 
known, and which is used as a standard. Two similar nitrometers of 
50 c.c. capacity are employed. The quantity of material taken is 0*2 
gramme. The volume of hydrochloric acid, diluted witZ* its own volume 
of water, should be 2 c.c. Neither temperature, pressure, nor absorp-llon 
need be regarded. To make a determination, the taps arc turned so that 
the measuring tube of each instrument communicates with the cup, and 
the mercury level is adjusted to the zero of the scale. The weighed 
quantities of the material to be tested and of the standard are transferred 
to th(\ respective flasks, the tubes with acid are inserted, and the flasks 
are then attached to the stoppers which always remain 6n the instruments. 
Cafe should be taken to heat them as little as possible by haivUing. The 
taps are loosened; and ail^er two or three minutes they are replaced and 
turned so that the flapks arc in communication with the measuring tgbes. 
The acid ii -then brought into contact with the samples by tilting the 
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flasks, the levelling tubes are lowered, and the flasks are shaken 
occasionally ui^itil all the gas is evolved. The tubes are levelled, and as 
soon as the volumes remain constant they are read olf. If they a^ree, 
the percentage of carbonates in the sample tested is the same as that in 
the standard ; if thc^y do not, a simple? proportion «um givc’^ the required 
result. If only an occasional test is required, one weighing may be saved 
by providing two small light platinum capsules which exactly balance 
each otlier. On one a little of the standard mat^ial, equal to about 0*2 
gramme, is placed— if desired, this quantity may be approximately 
weiglied — and this amount is used as a weight for the quantity to be 
tested, which is weighed on the othei*. For regular work a standard may 
be set up on commencing, and the volume can be adjusted as the pressure 
and temperature vary. 

Direct Determination of Dime in the Raw Mixture, Dime, and 
Cement. — This determination is often necessary, and may bo made as 
follows: — Of raw mixture about 0-3 grammti is taken, transferred to a 
Igiaker, treated with dilute hydrochloric acid in slight excess, heated to 
exjK'l carbon dioxide, rcuidcred alkaline with ammonium hydrate, boiled, 
the solution decanted over a filter, and the precipitate waslied twice by 
d(?cantation. The precipitate is next heated with a litth? dilute hydro- 
rfiiiv>ric acid, is rendered alkaline with ammonium hydrate, boiled, 
transferred to filter previously used, and well washed. The lime is 
determined in the filtrate ; the precipittite of clay may, if desired, be 
ignited and weighed. Of lime and cement about 0*2 gramme is taken, 
transferred to a beaker, boiled with hydrochloric acid until entirely 
decomposed, the solution cooled, rendered alkaline with ammonium 
hydrate, boiled, filtered, and the pr(?cipitate waslied two or three times 
on the filter with hot water. The filter is then taken from the stand, 
and the precipitate is washed out into the beaker in which the precipita- 
tion was made, without destroying the paper. It is re-dissolved in 
hydrochloric acid, rendered alkaline with ammonium hydrate, boiled, 
filtered*and the precipitate is well washed with hot water. The lime may 
be determined in the filtrate, and also in that from the clay of raw 
material as described in the previous chapter, the double precipitation to 
separate traces of magnesia being omitted, or the clean oxalate precipitate 
may be dissolve^l in dilute sulphuric acid, and titrated with normal 
permanganate. We frequently employ this method, and for technical 
purposes he^e found it to give very good results. The filtrate containing 


the lime is heated to boiling point, boiling solution of 4ammonium Oxalate 
is added, the boiling of, the mixture being continued for a few minutes. 
The calciifln oxalate? separates as a granular j)recipitate, which rapidly 
settles from the liquid. After standing for«,bout half an hour, the clear 
liquid is decanted over a 9 cm. filter, and the precipitate is washed by 


a 
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<Je(5antation until it is perfectly clean. This fact may be tested by adding 
a few drops of (jfilcium chlo/ide solution to the final washings. After 
boiling and cooling, there should be neither precipitate nor cloudiness. 
The filter paper is opened out in a flat-bottomed dish of slightly larger 
diameter, and' any adhroring precipitate is, as far as possible, washed out 
into the beaker containing the main quantity. It is then covered with a 
little dilute 1 : 5 sulphuric acid, warmed, the acid poured into the beaker, 
and the paper thoroughly washed with hot water, the washings also 
passing into th(i beaker. Dilute sulphuric acid is added, the solution is 
heated to 70° or 80°, and the permanganate solution is cautiously delivered 
into the liquid with constant agitation until a faint pink colour is per- 
manent. It is a good plan to keep a solution of ammonium oxalate 
agreeing volurnti for volume with the permanganate solution for back 
titration, in case of overrunning. The permanganate solution is stan- 
dai-dis(id in exactly the same manner on pure calcium carbonate. 

1 c.c. of normal p(‘rmanganate = *0028 gramme CaO. 

„ „ „ =-0050 „ CaCOg. 

Specific Gravity. — This test should 1x5 conducted in the chemical 
laboratory, as the results obteined by an unskilled operator, even with 
suiteble apparatus, may be very wide of the mark. The detei'miriatk” 
may be made with the ordinary specific gravity bottle, a liquid without 
action on cement being substituted^or w^attT. Either paraffin or tur- 
pentine is gcmerally employed ; whichever is used must be absolutely free 
from water. This may be ensured by shaking the liquid up with finely- 
ground fresh Portland cement, or by allowing it to stend over freshly- 
burnt quicklime. If the specific gravity bottle is employed, the specific 
gravity of the liquid must also be known. This should be determined 
with a specific; gravity l)ottle, and not with a hydrometer, as is sometimes 
suggested. ■ If a stock of liquid is kept, it should occssionally be re-deter- 
mined, especially in the case of turj)eiitine. This method leaves nothing 
to be desired as regards accuracy, but it is not gc'.nerally employed, as 
several forms of apparatus have been devised in which the volume of 
liquid displaced by a known weight (if cement is directlj^ read off, and 
the specific gravity is calculated by dividing the weight of cement taken 
by the volume of liquid displaced, the specific gravity of which latter 
need not be known. Illustrations of several foj'ins of apparatus will be 
found in most catalogues of chemical apparatus; some of» those most 
generahy used may be briefly described. ^ 

Mann’s Gravimeter. — This, probably the first piece of apparatus of 
the kind, was fully described by its inventor in ^ Proceedings '"List. G.E.^ 
vol. xlvii^ p. 251. It consists of a flask holding, v/hen filled to a mark 
on. the neck, 1,000 grkins of water, and a burette with a stopcock 6on- 
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taining an equal volume, less the (juantity displaced by 1,000 grains gf 
the heaviest ifUbstance intended to be exaiuined. l,00(i grains of cement 
are weighed ofF and transferred to the clean dry flask, or the flask may 
be counterpoised and the cement weighed in it. The burette is filled to 
the containing mark with whatever liquid is us«d, whicit is allowed to 
run^into the flask until it is nearly filled to the mark. To expel the 
occluded air some operators cork and shake the flask, which is a slovenly 
method. Wo prefer to hold it by the neck witff a test-tube holder, and 
stir the contents with a stout knitting needle until no more air escapes. 
The adh(3ring cement is washc'd off the needle by drawing it up through 
the liquid, which rapidly rises to the upper part of the flask when the con- 
tents arc; allowed to remain at rest. More liquid is then allowed to run 
from the burette until the mark is reached. 'Fhe stem of the burette 
is so graduated that the specific gravity is at once n^ad off‘. 

Schumann’s Volumemeter. — This consists of a flask or bottle of 
about 150 c.c. ccipacity, into the neck of which is ground a tube graduated 
upwards from a shoi t distance above the neck from 0 to 40 c.c., divided 
into tenths. The bottle and part of tube is filled to either the 0 or one 
of the lower graduations with paraflii' or turj>entine, and 50 grammes of 
cement aie allowed to fall down the tube into the liquid. The apparatus 
cart‘fully shakeTi to expel the air, and the iieight of the liquid is read 
off on the tube. The differeiuic of the readings gives the volume of 
liquid displaced. The great trouble with this apparatus is caused by 
the cement, which, from having to follow the liquid down the tube, 
adheres to its sides. This may, however, be obviated by pouring the 
li(|uid down a funned with a long narrow stem, which ought really to be 
supplied Nvith the instrument. The cement can conveniently be intro- 
duced through an ordinary funnel with a short stem. 

Blount’s Volumemeter. — This is a simple piece of apparatus which 
is capable of giving good results. Tt consists of a flask with a broad flat 
bottom, contfiining, when filled to a mark at the lower part of a slender 
neck, which is closed by a stopper, exactly 64 c.c. Above tins mark the 
neck is dividecl into tenths. The first graduation is marked 14, and not 
the nock ^therefore reads up^vards from 14 to 17 c.c. To make a 
determination, 50 c.c. of liquid, either parattin or turpentine, are delivered 
into the flask by a pipette; the neck is thus kept dry. 50 grammes of 
cement are then introduced, and the flask is shaktm gently to expel the 
air. 14 c.«»of the displacement are ac^counted for by the flask to the first 
graduation, the Remainder is read off on the stem. 'Ehe volume of liquid 
displaced by 50 grg.mHies of any sample of Portland cement will fall 
between r4 and 17 c.c- • 

Keates Double Bulb Specific GraTjLty Bottle. — In this instru- 
meht a constant volume of liquid is employed, and a variable weight of 
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qpment. In those previously described the weight of cement has been 
constant, the volvime of liquwl varying. It consists of tVb bulbs placed 
one above the other, with a short neck between them, the lower bulb 
somewhat exceeding the upper one in caj)acity. The upper bulb has a 
short neck closed by u stopper. On the neck between the bulbs is a 
mark on the neck of the upper one is a similar mark a. Th(5 capacity 
of the upper bulb must be accurately determined, and may (jonveniently 
bo 1,000 grains of water* at IS-S^C. To make a determination, the lower 
bulb is filled with a pipette to the mark b on the neck with whatever 
liquid is employed, and tlu^ flask is weighed. The cement is dropped 
carefully into the l)ottlo through a funnel with a short stem until the 
liquid reaches th(i mark a, when the flask is again weighed. The weight 
of cement required to rais(‘ the liquid from b to a is its specific gravity. 

Fallacy Underlying the Test of G-ravity. — It is difiicult to under- 
stand why this test has become so general, especially in this country. 
It is commonly supposed that the perfectly burned clinker has a higher 
specific gravity than that whicli has been more lightly burned, and 
that the specific gravity of that less fully burned is higher than that 
of the yellow slack. Notliing can be farther from the truth. When 
taken fresh from tlie kiln, there is practically no diirerence in the 
specific gravity of any of the products, provided the (arbon dioxide ha . 
been tmtirely cixiielled. This we have fre<{uently tested in practice, and 
the following are the results of one of experiments : — 

Four samples w'(ire taken from one place in a kiln. 

No. 1. A piece of yellow slack burned. 

No. 2. A piece of perfect clinker. 

No. 3. A piece of lightly-burned clinker, showing in places white 
spots of lime. 

No. 4. A piece of slag-like overburned clinker. 

These were ground up and the specific gravity of each was taken in 
a bottle, the liquid used being paraffin, the specific gravity of which was 
taken in the same manner. t 

r 

No. 1. Specific gravity 3’ 16. I ^ No. 3. Specific gravity 3*20. •! 

No. 2. „ 3-17. j No. 4. „ ‘ 3*19. 

As carbon dioxide and water are absorbed from the air, the specific 
gravity gradually diminishes, an aerated cement' will, consequently, give 
lower results than one newly ground from freshly-burned clinker. The 
specific* gravity may, in fact, really be regarded as ^ measure of the 
amount of aeration aecement has undergone. A lightly-burned cement, 
or one containing qnderburned material, will absprb carbon dioxide and 
water much more rapidly and to a greater extent than one ground from 
‘entirely hard clinker.* A low specific gravity may, therefore, for ’this 
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reason indicate light burning, or the presence of underburnt material. 
It must, h<^ever, be remembered thai the extrepiely finely-ground 
cement, so much of which is now coming into the market, is* much 
more absorbent than that more coarsely ground, and it may thus, after 
the same amount of aeration, give a lower specifi^J gravity. ^ It has been 
suggested that previous to the determination the sample should be heated 
at a temperature of 100** to 150° C. This treatment would leave it 
practically unafiected. The water absorbed exists in combination with 
lime as (jalcium hydrate, and it is almost needless to add that neither this 
nor the carbon dioxide would be driven off at the proposed temperature. 
Another suggestion is to exj)el water and ctirbon dioxide by heating the 
sample to redness. From what has been said it is obvious that after this 
treatment the highest possible specific gravity would be the result and 
the test would be of no value. Most specifications re(j[uire the specific 
gravity to be not less than 3T, which c«m easily be attained, as we have 
seen, by very badly-burned cements which have been insufficiently purged. 
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CHAPTER VIII. 

PREPARATION OF THE MIXTURE OF RAW MATERIALS 
EY THE WET METHOD. 

Contents. — Uniform Mixture Essential — Preparation of Slip — Original Process of 
Portland Cement Making— The Washmill— Modern Washmill— Dimensions 
of Washmill— Sieves and Screens — Backs — Distribution of Slurry — Subsidence 
of Solids — Proportioning the Ingredients — Drying Floors — Experiment with 
Slurry — Coreham 8 Process — Grinding the Slurry — Margetts’ Process — 
Michele’s Washmill — Use of Tubemill for Wet Grinding — Grinding with 
Abundance of Water — Foreign Methods of Working— Making Slurry into 
Bricks— Use of Rotary Driers — American Practice — Use of Shaft Kilns. 

Uniform Mixture Essential. — It is not only necessary that the correct 
proportion of carbonate of lime to clay should be maintained, but the 
mixture must also be uniform and its constituents must bo in an 
extremely fine state of subdivision. This is attaiiu'd in pnictice by one 
of two methods — (1) By the wet process which is applicable only to so^i: 
materials, the correct quantities of the ingredients being ground in the 
presence of more or less water, or (2^ by the dry process in which the 
perfectly dry materials arc ground tog(‘ther, altliougli in some ciises they 
are roughly ground separately, the coarse powders being subsequently 
mixed in the required proportions and afterwards finely ground. Under 
certain circumstances, even when employing the wet process, the materials 
may with advantiige be ground separately. 

Preparation of Slip. — We will now proceed to describe the methods 
employed for preparing the slip or slurry of the wet process, leaving the 
treatment of the raw flour or meal, made use of under the dry process, to 
be dealt with in another chapter. i 

It is inttiresting to notice here that Aspdin, the original inventor, 
insists upon the reduction of the ingredients to a “state approaching 
impalpability,” and this is as true now as it was in his day. Probably 
more failures with the use of cement have heen due to neglect of this 
precaution than to any other cause, even including the employment of 
incorrect proportions of the constituents. An imperfect, coaieely-ground 
mixture* when oneft it has reached the kilns, is to a ^reat extent past 
redemption. If it is* known to be faulty, it njay^to some extent be 
corrected* by very Jiard burning — that is, if the ^inixture is ^o propor- 
tioned as -to admit of thisj treatment. Some improvement may be 
elfeeted by ^watering and storing the clinker before grinding, and' by 
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grinding it to an extreme degree of fineness, but the resulting cement 
ciin never posl^ess the properties of that'iiade from oarefully-prepared 
materials, and too often the error is not found out until the product haa 
passed into the warehouse, or worse still into the hands of the consumer. 

Original Process of Portland Cement Malting. — The plan origin- 
ally ^adopted was to incorporate together the chalk and clay — which were 
the only materials then employed — iind at the same time to bring them 
into a fine state of subdivision in the presence of w^ater in the contrivance 
known as the washmill. The thin slip or slurry was allowed to flow into 
large reservoirs or “ backs,” from which, as the solid matter settled, the 
water was from time to time drained off. This metliod, though now to 
a great extent discarded in this country, is still in use at some of the 
older works, and it will be proper to describe it somewhat fully. 

It seems highly probable that the cement maker, in the early days of 
the manufacture, avaik^d himself of many of the processes of the brick- 
maker, who, long before Portland cement was thought of, had leai'ned to 
prepare his clay, to add tlui iK^cessary amount of chalk and to settle the 
slip in reservoirs much in the same way as is still practised in the South 
of England, adopting, in fact, processes -vdiich date back to the period of 
th(^ Pharaohs. At any rate, in the London District, which, as ah'eady 
<"^i,ted, soon became the chief seat of the Portland cement trade, the 
brickmaker had for generations made use of the washmill and the 
reservoir or back for the slip, and these contrivances lemaiiied until 
comparatively recent times in common use at r-,ement facto)*ies, but little 
changed or modifiiKl, Th('r<; can Ix^ no doubt that for soft materials like 
the grey chalk and for the alluvial river mud or gault clay the washmill 
is an excellent contrivance, but when we have to deal with the hard flint 
bearing upper chalk even the best arranged washmill leaves much to be 
desired. 

The Washmill. — The washmill (Fig. 2) consists in its essential 
features of a circular or octagonal tank, usually from 14 to 18 feet in 
diametw and from 4 to 5 feet deep, with a central mound oi* pier ctirried 
above the working level of mill, and of such diameter as to leave round it 
an annular space or trench 4 to 5 feet wide. The central pier carries the 
footstep bearing of a vertical shaft, which, by means of gearing arranged 
on timbers carried by walls at the side of the mill, is driven at a speed of 
from 12 to 20 revolutions per minute. In the older type of mill this 
shaft carriesta horizontal beam to which are attached strong vertical iron 
blades, reaching yearly to the bottom of the trencM or I'acew^y. An 
overflow is arranged^ by lowering a portion of the •outside wall, so as to 
leave a sprfee from 2 to^3 feet long and about foot Scinches de^p. Tliis 
opening is fitted with»a strongly-made woodew frame, covered with brass or 
copper wire gauze, having about 900 meshes to the square inch. The walls 
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a^e sometimes raised above the ground level in order to protect the work- 
men ; a space or spaces being arranged for feeding. The chalk and clay 
are introduced into the mill, either continuously or from time to time at 




stated intervals, together with such a regulated supply of water as to 
keep, the contents coni^tantly at the overflow levef. <By the action of the 
knives on the revoking b«am the contents of th6 raceway are violently 
agitated, the clay is br(^ken up while the lumps of chalk are comminuted 
by attrition land ground to pieces. These substances are also evenly dis- 
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tributed throughout the water and are converted into a creamy liquir^ 
termed the which is driven tliroiigb the raeshej? of the sieve by 

the scour, and is led away by troughs to the rlopositing backs. * 

Modern Washmill. — Tn the modern type of mill, harrows arc substi- 
tuted for the beam with knives. These are fornK'xl of ca^t iron, fitted 
with steel tines or teeth, and they are suspended by chains from iron 
radiS arms, which are attiiclu'd and braced to the vertical shaft and to 
each other. The suspended hariows adapt th#nselves better to the 
deposit of stones and flints whicli collects in the bottom of the raceway 
than does the rigid b(iam in the older form of mill. 

In some cases liarrows have bcnm replaced by heavy edg('-runners for 
dealing with liard chalk free from flints, and mills of this type have given 
good results. For soft chalk they are unnecessary, as harrows will do 
the work quite as eflicitmtly, whil(‘, for chalk with flints edge-runners are 
obviously unsuitable. Our own ex]>(‘rience goes to show that fairly hard 
chalk, such as occasionally occurs in the South of England, may be very 
ejTectually tritui’ated in a mill fitted with harrows if the raw material be 
broken reasonably small, and if the feed is not excessive'. This state- 
ment, however, does not apply to the indurated chalk of Yorkshire or 
tliat of the North of Ireland. 

^ The brickwork (‘inployed in the construction of the mill should be built 
in cement, and the walling should at least be face^d with very hard bricks. 
The raceway should likewise* be paved with hard matei'ial, suedi as granite 
setts or the burrs of worn-out millstemes, and these shoulel also be set in 
cement. 

The epiestiem as to wlu'ther the materials should be.‘ weighed or should 
b(‘ nu'asured into the \\ashniill has e)ften b(‘en debateul. If the materials 
v ere invariably in the dry state, thewe ce)uld be no dispute, as to which 
I)lan would give the mo.st accurate results, but in their normal condition 
they contain more or less water, and they are also very absorbc'nt^ the 
quantity of wat;(;r present consequently varies in accordance with the 
stiite o^the Aveath(‘r. If etjual quantities of each material were used, 
and if each was e(iually absorbent, it is evident that weighed quantities 
mTght be employetl in all conditfbns of weather ; but the (juantity of 
chalk being ir? round numbers three times that of the mud or clay, any 
proportions adjusted for use in dry weather would, if used after much 
rain, result in an overcki^’(*d mixture. Since, however, the materials do 
not alter iq, volume by absorption of water, measured (juantities will 
practically alway^ contciin the same amount of soli4 matter, a^d may 
therefore be used with sj^fety in both wet and dry weather. 

Dimensions of Wq^hmills. — In some cases washmills are constructed 
of much larger dimensions than those we hav« given, the waggons of chalk 
and*clay being weighed as they are brought alongside, and tipped directly 
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into the mil]. Much better rofiults are, however, obtained from feeding 
the mill in smaller' quantities ^rom wheelbarrows, one barrow-load of clay 
being tipped in at the same time as its exact equivalent of chalk. A 
reserve of each material should be kept in hand, and the work may thus 
go on continuously, th^^ mill never becoming overloaded. 

Sieves and Screens. — The sieves or screens through which the slurry 
leaves the inill should be kept constantly under observation, and should 
at on(50 be replaced if Tound to b(5 torn or damaged. The raceway from 
time to tinu‘ requires cleaning out, especially when tlui upper chalk with 
Hints is used. H'liis prt'caution should not be neglected, for otherwise, as 
soon as the harrows b(\gin to drag and tilt about on the uneven accumu- 
lation which gradually forms in the bottom of the mill, th(‘. elHciency of 
the operation is much impaircjd. 

Backs. — The backs are frequently of large size, being sometimes as. 
much as 100 fe('t in length by 40 feet in width, with a depth of about 
4 feet. A hack of ila^se dimensions would thus contain 160,000 gallons 
of slurry. Tlu^ sid(5s are gem'rally constructed of dwarf walls of brick or 
concrete, and the bottom is carefully fornu'd of porous materials, so as to 
permit of the leady soaking away of the wat(u*. It is of course imperative 
that special attention should be paid to the subsoil drainage. 

Distribution of Slurry. — The stream of li(|uid slurry, on leaving 
washraill, Hows into a chaniKd, which deliA^ers it to woodcm troughing 
carried round tlu! backs. The woot^i troughs are provided at suitable 
intervals with apertures, from which, by imieuis of slides, the slip may be 
made to enter any particular back at diffenmt places. By changing tlui 
place of admission every day, it thus becomes possible to obtain a much 
more even distribution of the slurry, and this is an imporUnt matter, as, 
from the nature of the means employed to produce it, the slurry, as it 
leaves the mill, may not be always of normal composition. Thus at some 
moments tlie chalk may be in excess, at others the clay, though the 
average over a considerable period of time is about right. By the 
occasional use of a drag formed of a piecti of plank attached to tl\e centre 
of a long rope, which is pulled about by two men, the various washings 
are “luted” or mixed together, and' a sufficiently uniform result ‘is 
obtained. Catch-pits or depressions are provided in the channel leading 
from the washmill, and into these any unground particles of chalk or 
coarse sand subside from the slowly-flowing stream of slurry; the coarse 
sludge deposited in the pits being from time to time removed with 
a scoop. f 

Subsidence of Solids. — The suspended chalk and clay, when they 
come toTest in the back, rapidly subside; part of Ihe water* soaks into 
the ground or evaporates,' but a considerable quantity of the cleAr super- 
natant liquid is draw^'n off by means of the “peg-board,” which is a 
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perforated penstock having numerous siiiaU openings closed by pegs, the; 
holes being arrtinged at such levels that the^ater can be^run off gradually 
as far as the top of the slurry. Some weeks must elapse, even in the 
summer time, before the contents of the back become sufficiently con- 
solidated to dig them out for removal to the dryingp floors. ' 

Proportioning the Ingredients. — In the early days of tiit‘ Portland 
cement industry, the correct adjustment of the propoi'tion of carbonate of 
lime to the clay was purely an empirical proce.‘ and was in fact an 
application of the system of trial and (irror. In tlu^ first place, mixtures 
of the constituents were made in varying proportions, fi'om which samples 
of cement were prepared, and the samples giving the best cement wore 
adopted. Any irregularities due to variations in the chemical com- 
position of the materials, oi- to carelessness on tin; part of the workmen 
employed at the washrnill, were ascerbiined by occasionally sampling the 
contents of a back in the eoursti of being filled, and the samples of slurry 
were then dried and burnt in a trial kiln. From a (dose observation of 
tlje n^sulting cement, when tested for soundness, colour, &g., the 
“ sampler ” was by long experience enabh'd to judge whether the correct 
proportions woi’e being maintained. Any error discovered at this time 
was correctcHl by altering the proportions at the washmill, agitating the 
i.ifitents of the back, and again sampling, llapid chcmi(«il methods of 
analysis, to whic.h we have referred, have rendered tliis system of sampling 
obsolete, and most cement works now employ at least one competent 
analyst ; but even only twenty years ago, with .some very few exceptions, 
no chemist was (miployed in any English cemeiit manufactory. 

Drying Floors. — When it has become sufficiently dry to admit of 
this treatment, the slurry is dug in a plastic state from the backs, and is 
removt^d to the drying floors, either in deej)-sided barrows or in small 
tipping waggons. The drying floors are heated by passing under them 
the waste buiaiing gases from coke ovens ; these gases are con veyed in 
flues, wliich, in the vicinity of the ovens and for about 10 feet beyond 
them, aij^ covered by fireclay slabs. Beyond this distance the covering 
is formed preferably of cast-iron plates, diminishing in thickness from 
about 1 i inches at the commencemSnt, where the iron plates join the fire- 
clay slabs, to at)out | inch at the farther end, where the flues join the 
main or gathering flue into the chimney. This latter flue is provided 
with a damper, in order to regulate the draught. The floor is made of 
suffidlent lei^h to utilise all the heat from the ovens, the object in 
providing the ovens not being to make coke, which ca«i be more dlieaply 
purchased, but to dr^ tlje re(|uisite charge of slurijy. The front of the 
floor immeciiately over ihe ovens is covered to a greater depth with the 
slurry thkn the back, ^ and the thickness of the* material is so regulated 
that •the floor may be stripped and re-covered ever;f day. The ovens are 

• 7 
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•likewise drawn and re-charged every day, and with careful working a 
weight of coke equal to aboat half that of the coal employed is obtained. 
The coke thus produced, supplemented by gas coke, is used in the kilns 
for burning the slurry into clinker. 

Moder?^ Systems of Drying. — This system of drying has given 
place in recent times to more economical methods, although we l^elieve it 
is still to some extent employed in the older works. The price of gas 
coke has risen enormously during the last few years, but its cost has, as 
a rule, been less than that of coke produced in the somewhat extravagant 
manner described in connection with the drying floors. The tendency of 
modern prac.tice has been to utilise the waste gases from the burning 
kilns in order to dry suflicient slurry for the succeeding charge. Even 
when this is not possible, as, for instance, in kilns of the continuous type, 
methods ai‘e now available which are much more economical than those 
above described. 

It has frequently been maintained that the slurry passing from the 
washmill settles irregularly in the backs, the chalk and clay having, it is 
alleged, a huidency to separate owing to the difference of tluur specific 
graviti(‘s. If the slurry is finely washeil there is no such s(>paration, but 
if coarsely washed, and if no ju-ovision is made for taking out the larger 
particles of chalk by catch-pits, these coarse particles have a tendehi^y 
to settle, and may aecumuliite in lower layers of the contents of 
the hacks. 

Experiment with Slurry. — In order to d(‘cidc Mdiether separation 
really took })lacein the eas(^ of carefully- washed slurry, the following experi- 
ment was conducted many years ago by one of the authors. A water-tight 
wooden trunk, 8 feet high and 6 inches square, was prepar(‘d, and fixed in 
a position where it was free from vibration and safe from disturbance. 
This vessel was filled witli slurry collected from one ^f the shoots entering 
the backs. When this slip was tested by wasliing through a sieve having 
1 20 meshes to the lineal inch, it left less than h per cent, of very fine grit, 
calculatinl on the dry slurry, which contained 75’5 per cent, of Larbonate 
of lime. The supernatant 'water was drawn off every few days hy means 
of gimlet holes bored in one side of the wooden trunk. When the column 
of slurry had settled into a stiff mass in which it was evident that no 
further deposition would occur, the trunk was carefully conveyed into a 
warm place, and stood in a vertical position u.ntil the contents were dry. 
The wooden sides were then removed and the column of dry material was 
sawn into a serie.^ of short lengths, in each of which tho carbonate of lime 
was aQcurately dctei mined, with the result thafr there was practically no 
differertbe in the (composition of any of the lay'^rs from the top to the 
bottqm. > 

Q-orel],am*s Process. — The system of washing the ingredients to 
a very liquid slip fias bqen practically superseded in , this country by the 



PKEPAKATION OF MIXTUPE OF RAW MATERIALS. 


99 


0 

process of wet grinding with a jninimum of water, which was patented by 
Mr. W. Gorehani in 1870, but which has bein used in JVance, at Meudon, 
in the neighbourhood of Paris, for more than one hundred years, in the 
preparation of hydraulic lime from a mixture of cljalk and clay. The 
original inventor of this milling process is said By Mr. llqnry lieid to 
have^been M. Dupont, and the French works are still being carried on 
very much on the old lines. 

Undei- tlui Goreham system, the fine sieved on the washmill are 
replaced by grids, the bars of which are fixed f inch apart, or, in some 
cases, perforated plates are employed. The chalk and clay are fed into 
the washmill exactly as in the case of the older method, hut only sufficient 
water is used to produce a thick slurry, which, in th(‘. best practice, 
contains not more than from 40 to 50 per cent, of water. 

Grinding the Slurry. — From the washmill the coai’se, roughly- 
mingled slui'ry is liftcnl by a scoop wheel or buck('t-elevator to a shoot 
leading to the grinding mills, from which it is tapped, the flow being 
regulated by slides. The mills emplo5"ed arc of the ordinary flour-mill 
tyj)(;, formerly so gcncially used for grinding cement, lifted with French 
burr stoiK's, as for (by grinding. Originally the slurry flowed from these 
mills directly to the diying flats, but with the introduction of chamber 
h-Mns, vbich required its delivery at a higher level, the practme became 
general of collecting the slurry in a Link or well, from which, by means of 
specially designed and powerful pumps, it is lifted and delivered through 
pipes to any retjuired jioint. 

Economy of the Process. — This process leads to a great economy 
of time and involvc's much saving of space, as the backs are entirely 
dispensed with, while the cost of grinding and pumj)ing the slurry is 
much less than that of emptying the backs. The saving of cost was, 
bow ev('r, not gieat, so long as the drying was effected on flats heated by 
coke ovens, since more', water had to be evaporated from the pumped 
slurry than in the case of that taken from backs, especially when it was 
l)Ossible4o allow tlu' slurry to remain a suflici('nt time in the backs to 
become thoroughly stiff. 

Margetts’ ^Process, — The above; described method of preparing 
slurry has now become almost universal in English practice. We may, 
however, refer to two processes by which thick slurry is produced without 
wet grinding. The first oj these enbiils the use of the sieve devised by 
Mr. W. G. Marge tts, which is especially suitable when soft, easily- 
triturated chalk fr^e from flints is employed. The slui^y is mixed in the 
Avashmill with the ini^jinMim of water, the overflow bbing arranged to take 
place +hrouyi perforate^ plates having holes tltrough Jihem about f inch 
in diameter. The feed of the ground mixtu|Jfe is in a continuous stream, 
And it enters the bottom of a sieve, shaped like an invertecj pyramid, 
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revolving at a speed of about 150 revolutions per minute; the sieve 
employed has fndm 20 to SO^meshes per lineal inch. Dui'ing its passage 
up the sides the finer portions of the material pass through the meshes, 



and flow away to th(y pumps ; the coarse particles,^ on reaching the top, 
are ejected into a^ outer^casing, and are thence ijpturned to the washmill. 
S’or chalk with flints the ^method is obviously unsuitable, as even small, 
fraginents^bf flint would rapidly destroy the sieves. With respect to the 
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6fficiency of process, it may be mentioned that the manufactory in 
which it is employed was one of the first fci this country to guarantee 
its cement to stand accelerated tests, which can only be obtained with 
certainty when a very carefully-prepared mixtui’c of raw materials is 
available. Mr. Margetts, in a letter to The Etu/ineh-, on 22,n4,May, 1891, 
stated tliat his practice was to submit the briquettes to the action of 
boiling water instead of to a temperature of ISC'*, as is usually prescribed. 

Michele Washmill.— M. V. I), de Michelc^patonted, in 1877, an 
improvement in the washmill which enabled further grinding to be 
di.spcnsed with. The inininium quantity of water is still employed, but 
the sluiiy, instead of flowing out at one sjK>t in the circumference of the 
mill, overflows through melidlic surfaces which entirely surround the 
outer wall. The lower surface plate, forming the rim of the mill, is fixed; 
the upper one revolves with the stirring apparatus of the mill. A section 
of tho mill is shown in Fig. 3. Tt will be understood that the grinding 
surfaces are providwl with a certain amount of lead or swallow. To 
efiti'r the grinding rings at all, the materials must previously have under- 
gone a considerable reduction in tho mill, and, before reaching the flat 
or giiuding surfaces, coarse particles wnich may have entered are further 
reduced in size in the gradually contracting sw.allow. 

• Use cf Tube-mill for Wet Grinding.— With flint chalk all the wet 
grinding processes require great care and attention. Small pieces of flint 
pass through the washmill grids and have a tendency to lift the stones 
thus allowing the slurry to pass through without undergoing reduction! 
The time is probably not far distant when the tube-mill, to be described 
when dealing with systems of dry grinding, will altogether di.splaco mill- 
stones for grimling slurry, e.si.ccially in new plants. It is already used 
for this purpose in several American and Continental works, employing 
t]u5 wet process. -t J' e 


Process is necessarUy Continuous.— It will have been observed 
that the wet mil mg process, as previously described, is a continuous one, 
the strain of flurry flowing, without rest, from the waslimills to the 
grinding mills and from thence to, the pumps. Some little bulking may 
toke place in tlie small tank, sometimes placed to feed the mills, and in 
the pump-well, which would probably receive the slurry from several 
mills. No attempt, however, was originally made to mix the slurry, 
either before or after the ivet milling, as it was assumed that the stream 
flowing front tho washmill was fairly con-stant in composition. This 
however, is not tl*B case even when using materials which vary little from 
day to day,^such as a«i generally available in EnglaiJd for cement making. 
Even when the utmost tare is taken in feeding ^he washmill, the'relati^ 
proportions of carbonate of lime to clay coRstan^y fluctuate. The old 
method of saniphng ceased to be of any value with the disuse of 
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as, before the result obtained in the case of any given sample could be 
known, the material sampled:' would have passed beyond hope of altera- 
tion. In fact, at the present time, when rapid methods of determining 
carbonate of lime are employed, it is not an easy matter to keep the 
average cor^position eVeii fairly constant. 

Advantage of Grinding with more Water. — It is diifici|.lt to 
understand why, for tlici sole purpose of obtaining slurry with from 40 to 
50 per cent, of water, \^'et milling and the disuse of backs have become 
so general in this country. The slurry is certainly no better and is often 
much worse than that prepared by the older method. A course, combin- 
ing the advantages of both methods, would be to wash together the 
ingredients in the original manner, with from 70 to 80 ptir cent, of water, 
to collect the slurry in smaller and deeper backs and to draw the water 
from the surface until the contents were sulKciently stiff. From 30 to 
40 per cent, of water can rapidly be got rid of in this manner, the area 
required for backs would be comparatively small, and by constructing the 
backs with sloping bottoms, and providing a system of suction pipes with 
stop-valves, the pumping could be easily managed, while there v^ould be 
the additional advantage of always holding a stock of slurry, the composi- 
tion of which is known to be accurate. 

Methods of Regulating the Composition of Slurry. — Diuif/g 
recent years not only lias greater Jitt^ntion been paid to tlu^ fine grinding 
of slurry, but means have also been devised for ensuring its more 
accurate and uniform composition. Generally the method for effecting 
this is as follows ; — The slurry from the grinding mills is collected in one 
of two large circular tanks fitted with revolving arms for agitating the 
contents. When nearly full the stream of slurry is diverted from the 
first tank to the second, and a sample is taken from the first tank. This 
is tested for carbonate of lime, and if the proportions are found to be 
correct the contents of the tank are allowed to pass onward. Two 
smaller tanks are likewise provided, one containing slurry prepared from 
chalk only, the other consisting of finely- washed clay. If. the proportions 
in the large tanks are incorrect, the requked addition is made from one or 
the other of these smaller tanks, and the mixture is agajn sampled and 
tested. This operation may be repeated if found to be necessary, and the 
contents of the tank are not finally discharged until they are proved to be 
of normal composition. 

Mode of Working adopted Abroad. — On the ^Contkient, the wet 
prpeess, when it is employed, generally follows very ©"osely the original 
pnglish practice, so 'far as the preparation of -the slurry is concerned. 
This infolves the use of ,the washmill, the slurry- being allowed, to settle 
in backs. Wet grinding iH not general, but when* it is practised more 
water is eujployed than is usual in England. The use of “ dosage ” tanks 
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for adjustment of proportions is general, but in some cjases, when the 
materials are of very uniform composition, ^he slurry f^ows direct from 
the washmill to the backs. When this adjusting process is employed 
the plant consists of wasliniill “ dosage ” tanks, and two smaller wash- 
mills, in which tlie dosage of chalk or marl, aifd of cla^;^ is actually 
prep£y*ed. 

Slurry Moulded into Bricks on the Continent. — It has been 
mentioned that the almost universal peactice at the pr(‘sent tiiiuj in this 
country is to dry tin* slurry by the waste gases ft'oin the kilns. The 
methods for doing this will be described when (healing with kilns. On 
the Continent this system is not usual, th(‘ proci'ss of diying is generally 
conducted independently. The method employed is to allow the slurry 
to remain in the backs until it becomes sufficiently stiff to be pugged and 
made into bri(;ks ; it is used much stifter in fact than was the practice in 
England when drying was carried out on Hats. This entails the pro- 
vision of a much larger system of backs than would be otherw is(‘ needed. 
The bricks are now almost always dried in tunnel driers, whiid) consist of 
a series of tunnels from 100 to 120 fe(‘t in length, through each of which 
a large volume of air is drivcui, lieatcsi by passing it through a furnace. 
The bricks, as taken from the machine, are shickod upon waggons which 
pass continuously through the tunnels in the oi)posite dii'cction to the 
current of heated air. Tlu'y are thus first exposed to the action of the 
air which is i(*avirig the tunnel, and which has lost mu(;h of its heat and 
has become charged with moisture. As the waggons gradually pass 
onwards they encounter drier and hoth'r air, until on reaching the 
further end th(‘y have b(^come perfectly diy and ready for the kiln. 
The bj icks may remain in the tunnel, which is kiipt constantly filled 
with waggons, for about twenty -four hours. One tunnel, 100 feet long 
with two waggon- ways, will dry from 7,000 to 8,000 bricks in the 
twenty-four hours ; the (dliciency being stated to be an evaporation of 
about 13 lbs. of water to tlie pound of fuel. 

Em^iloyment of Rotary Driers. — The time during which the slurry 
remains in the backs is frequently shortened by drying a part of it in 
rotary driers imd ruixing this in pugmills with wot slurry in such pro- 
portions as to bring the whole mass into a fit consistency for being 
mad(* into bricks. The rotary drier is a slightly-inclined, slowly-rotating 
cylinder, from 30 to 40 leet in length and from 4 to 5 feet in diameter. 
The products of combustion and the heated air from a furnace constructed 
at the lower or discliarge-end pass through the cylinder in direct Contact 
with thti material fjp Ik*, dried, which is continuously fed in at the 
upper end.* Various (J^ivices adapted to the material under tucatment 
are employed to bring it into contact with the hot gases during its 
pasf&ge through the cylinder, to facilitate its progress, and to prevent 
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it from adhering to the interior lining. In some forms of. the apparatus^ 
the hot gases fii<st circulate Lound the outside of the cylinder and then 
pass through the interior in the opposite direction to that in which the 
material is travelling. A rotary drier w^orking on slurry will evaporate 
approximately 10 lbs. ^of water per lb. of fuel. 

Brick-making at English Cement Works. — The system of m^>king 
the slurry into bricks has Ix^en to some small extent adopted in England, 
but the cost of labour Vt ill probably prevent its very general application 
in this country. At the same time it must be remembered that, with 
the use of dry slurry, kilns may bo employed which are much more 
economical in fubl consumption than those which are now used both to 
burn the material and also to dry a sufficient amount of raw slurry for 
the succeeding charge. 

American Practice. — In America, soft and sometimes wet marls 
from the beds of wholly or partially dric^d-up lakes arc largely used. 
The deposits in question vary in depth and are sometimes overlaid by 
peat or soil, while beneath them are frequently found beds of godd 
cement clay. I'he methods employed for obtaining the marl are adapted 
to suit its condition in the bed. In dry situations, mechanical excavators 
are used both for removing the surface soil or peat and for extracting the 
marl, which is deposited in waggons for removal to the works. If the 
deposit occurs at the bottom of an existing lake, it is obtained by means 
of dredging and the loaded })arge il then brought as near as possible to 
the works in order that the contents may be discharged by pumps into 
receiving tenks. The same method is employed in swampy ground, in 
which case a grab-dredger is used. Under these circumstances the 
excavated portion becomes filled with water, and the dredger thus forms 
its own channel as it moves forward. 

When extracted in this way, the marl is frequently too stiff to pump 
and yet too soft to be easily placed in waggons. If waggons are used, 
the grabs discharge into them direct, and the waggon-roads are in this 
case laid alongside the channels. It is sometimes pos.^ible to^^rrango 
that the transport to the works shall be effected by conveyor-belts. If 
pumping is resorted to, the grabs deliver their contents ^nto a pugmill 
fixed on the barge and sufficient water is added to produce a thick 
slurry which is allowed to collect in the bottom of the barge. This 
liquid, slurry is either pumped through a pipe-.Uhe, arranged on trestles, 
passing from the barge to the receiving tank in the works, the pipes 
being shifted as the excavation proceeds, or a pipe is <!aid from a fixed 
point to which the bStrge is brought, as in the case of dredging from a 
lake. ' * 

Modes of Dealing with, Different Materials.- -The treatment of the . 
.materials varies considerably, scarcely any two works adopting the same 
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methods, bur, wnarever may oe tne mecnanicai means employed, great 
care is invariably taken to ensure the accqfacy, finenos*, and uniformity 
of the mixture. The washmill is not in favour in America, but tanks 
fitted with arms attached to a revolving verticjil shaft are in frequent use 
for stirring. In some cases the stirring is done 1^ means*of blowing in 
compressed air, for which purpose a number of small pipes from the 
mains are conducted so as to reach nearly to the bottom of the mixing 
tanks. The mixture of the marl with clay is g(‘.»erally effected by heavy 
edge-runners, working in large pans ; wet milling is carried out either by 
the use of the tube-mill, or by means of mills consisting of vertical steel 
discs revolving at a high speed in opposite direction??. The slurry is 
introduced at the centre of the discs through a hollow shaft and it 
escapes at the circumference into a tfink placed beiuiath. When robiry 
kilns are employed, the wet slurry, which often contains as much as 60 
per cent, of watei’, is pumped direct to the Links supplying the kilns. 

Use of Shaft Kilns. — I'lie us(i of rotary kilns although general in 
America is not univ('i*sal, some of the older works employ a brick making 
process with shaft kilns. Under these conditions, when using hard marls 
re({uiring tin* addition of water, ili(5 process follows fairly closely the 
ContinenLil practice', except that backs are net employed. The quantity 
of water is resti icted as much as possible ; a part of the slurry is passed 
through roLiry driers and is usihI to stiffen a further portion of wet 
slurry, and the plastic mass is subsequently moulded into bricks which 
arc dried as we have seen in tunmd driers. 

With soft, wet Jiiarls the same method may be employed with 
advantage. These marls, however, often occur in such a finely-divided 
state as to I'ender milling unnecessary, all that is needed is to intimately 
mix them with the finely-flivided clay. This is frequently effected by 
grinding the clay to powder, after drying it in rotary driers and mixing 
it in the required proportion with the wet marl, but this does not always 
produce a sufficiently stiff mixture for brickmaking purposes, and a 
portion* has t^ be flritid in order to temper the remaimler to the proper 
consistency. 
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CHAPTER IX. 

THE DRY PROCESS: TREATMENT OF THE RAW MATERIALS 
fiY DRY METHODS. 

Contents. — The Dry Process in England — Use of Lias M aterials — Widely different 
Character of Raw Materials — Drying the Raw Materials — The Preparation of 
the Raw Flour from Limestone and Clay — Silos — Automatic Weighing — 
American Practice with Hard Limestone —^’hc Edison Process — The Treat- 
ment of Soft Materials — IVocoss Employed in Denmark — Cerman Process — 
Modified English Process— Ih-oijarati on of Raw Flour for the Kilns -Brick- 
making. 

The Dry Process in England. — Tliis })roce.s.s had its origin in this 
country, and was first oniployed for de<iling with the limestones and., 
shales of the lias formation. It has, huw(‘V(*r, made much greater pro- 
gress in other countries than it has in our own, for reasons that are easily 
explained. The materials in the London district, from which the prin- 
cipal shipping trade is done, art; much Ix'tter adapttnl for treatment by 
wet than by dry metiiods. At many plac(‘s inland, where suitable hard 
materials for eemciit making occur, '^works employing the dry process 
have sprung up and flourished. These works supply a home market, 
capable of being rtached within a rc^asonable district by i*ail; but such 
factories an; entii*ely shut out of the shipping trade, for cement will not 
in this country bear pi'evious cariiage to a port for shipment, while even 
when seeking markets in or near a port, manufacturers have to compete 
with cement brought in by vessels, often at a less cost for freight than 
the expense of sending by rail to the coast from their own works. The 
dry process has therefore had, and must continue to have, a limited 
application in this country ; hence it has not 2 >rogressed so rapid\y as in 
many })]aces abroad, where the nature of the materials reiurer its adoption 
necessary. Carboniferous limestone is to some extent emj)loyed for 
cement making, but the materials most generally used in England for the 
dry process are obtained from the lias formation. The nature of these 
materials, and the system of manufacture adopted* for dealing with them, 
may be briefly considered, before passing on to a general review of the 
subject. ^ t 

<rhe Use of Lias (Materials. — ^The lias forn^gition consists of layers 
of impuiY limestone of varying thickness, parted ^ by seams of shale or 
clay — th6 total thickness ot’ tjm latter beds generally considerably exceeds 
that of the stone. As 1‘egards contents of carbonate of lime, the layers of 
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stone vary considerably; in some cases they approach very closely to that 
required for cement mixture. Complete analyses off typical lias lime- 
stones have been given on p. 11, and in the following bible are the results 
of partial analyses of 24 layers or “hoors” of stone from a (juarry in the 
Midland counties, the partings consisting of clayf In any ^one selected 
lias yuaiTy, tlie pei'centage composition of the claj’^ in the layers of stone 
may be taken as being i*(‘presentative of all the otliers. This is not true 
of the shales and clays which are very irreguljrr in their compositit)n. 
Home are high in magnesia, while others often conhiin sulphur combined 
with iron as iron pyrites to such an extent as to unlit them for cenumt 
making. Analysis No. 1 is that of the top layer. • 
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With such^materials as these, the preparation of a mixture of uniform 
composition is not a difficult matter. It will be observed that the per- 
centage of carbonate of lime in all of them varies but little from that 
reqjiirecl for a normal cement mixture, and all that is necessary, there- 
fore, is to giind them together with sufficient clay to bring the percentage 
of carbonate of 4ime to about 7 6 per cent. Owing tft the close approxi- 
mation of these li^iestones to cement mixtureif, and the extremely 
intimut^ natural adniMcture of the carbonate ^f limq^ and clay, •which is 
far more perfect than anything which can be»produced artificially, cement 
maSe from them may safely contain 1 or even 2 per cent, more lime than 
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if made from an artificial mixture of carbonate of lime and clay. The 
preparation of a mniform iniTture is not always so easy a matter as in 
this case. The following bible gives the percentage of carbonate of lime 
in the successive layers of another quarry, also in the Midland counties. 
It will be noficed thafJ in this ciise the proportion of carbonate of lime in 
the stouesi is higher than it was in the previous example. The parsings 
between the floors are entirely composed of shale of varying degrees of 
hardness; those contaiiVng the highest percentage of carbonate of lime 
being invariably the hardest. The line of separation between stone and 
shale is not, however, very sharply defined. Adhering to the stone, but 
separating easily *fi-om the shale, is a layer of somewhat intermediate 
material of very irregular composition, froni 1 to 2 inches in thickness; 
this is locally known by the workmen as “scull.” 
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The system of manufacture generally adopted is briefly as follows : — 
The floors of stone are stripped off one by one ; they are cleaned of shale 
and clay, and when brought to the works are stored under sheds, each 
layer separately ; and the shale or clay is then dried on heated floors. The 
weighed quantities of each are crushed by a stonebreaker and ground to 
raw flour, frequently by millstones, which are well adapted for these 
materials. The treatment of the raw flour varies considerably in diflerent 
works. In some crises it is pugged with water to a stiff slurry, which is 
dried either over flues on hot floors, or in chambers hcateil by the waste 
gases from the kilns. In others it is made into a wire cut or plastic brick, 
while in the most modern practice it is pressc<l into semi-dry bricks, con- 
taining about 9 per cent, of water. The method of burning and grinding 
the resulting clinker will be dealt with when we are considering the 
whole s'ubject of cement burning. Some of the English, works have been 
equipped with quite nsodern appliances; the crushec| materials are dried 
in rotary, driers, and the product is ground by ballf and tube-mills. 

^ Widely Different Charr.eter of Kaw Materials. — The treatment of 
. hard -materials as resards the first stacre. the nrenaration of the raw flour. 
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which cor^pond« to the slurry of the wet process, will now be con 
sidered min the widely different physiol and chentical properties of 
the materials from which Portland cement is now made by fhe dr| pro 
ces.s are considered, it will be evident that no method I ui,ivers!!lly 
apphmblo. As examples of the different subsh»ccs available, wo may 
take.the indurated chalk of Yorkshire and tl.o North of -Jn-land, neaHy 
a pure carbonate of lime, .soft as compared with limestone, but more 
suitable for treatment by the dry process t^m the wet; the hard 
crystalline and nearly pure limestone of the carboniferous and silurian 
formaWs ; the impuie limestones of these formations in which the car- 
o a i o line otten falls below that reciuired for a cement mixture and 
fte impure has limestones previously referred to. Among clay materials 
ri 1 carboniferous and silurian shales, carboniferous lime- 

.stone shales, has shales and clay.s, and boulder ami alluvial clays 



IMg. 4.- 


-Plan and Section of Latbbury & Spncknmn’s Rotary Drier. 
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in Fig. 5. The internal shelves are seen in the section (Fig. 4), which 
also indicates th^‘ inclined position of the cylinders and 'the position of 
the ^furnace. This method is particularly applicable for materials that 
contain little moisture and which admit of being crushed as brought 
from the quArries, suelj as limestone and some kinds of shale. The 
mixture may, if desired, be made in such cases as these at the^time 
of ci’ushing. With clay or soft damp shale this is not possible, such 
materials must in th(^ fijjst phice be dried before they can be mixed with 
the limestone. This may be done on heated lloors, but it is a somewhat 
costly process, and, exc(q)t in small plants or when the addition of only a 
little clay is neceasary, this system is not often employed. Rotary di'iers 
may be used, but in many cases the diying kiln or tower is miiployed. 



Fig. 5.— Latlibury and Spackman’s Driers during Erection. 


Employment of the Drying Tower.— This is a vertical towej-, often 
of considerable height, in the lower part of which is constructed a per- 
forated vlome of briwkwork. Hot air and gases from a fprnace enter this 
"dofne and pass up ward* through the perforations, t];ie draught being main- 
tained by a fan at the top of the tower. The tower is kept full of 
material which is fed in at tl^e top and j)asses down\Yards by gravitation, 
. meeting the hotter and- drier air and gases as it descends. The contents 
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are taken out quite dry from a Series of openings arranged round the 
buter wan of ^e tower Fig. 6 shows thg Smidth toyer from a photo- 
graph. The square shaft seen on the left contains a lift, by whidli the 
material is raised to the top of the tower in small wasgons. In some 
cases a cableway delivers it at the top, direct froi» the qo*,.y or excav,v 
tion^ So long as the hot air can be uniformly drawn through it, the 



-big. 6, — Tho Smidth Drying Tower. 

tower will walk with a moderate proportion of small material, but if the 
raw matcnal comste principally of small fragment particles it isW to 
use the rotery drier. Very wet clay should be sb^ed under cover until 

fo1.H f r it will be liable to con- 

prevent the passage 

file heated air. Artificial drying may sometimes be avoided ; Sus ft 
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the works of the Californian Portland Cement Company, calcite and clay 
are the raw mate’’ials employed ; the clay pits arc about 30’miles from the 
works and the clay is ploughed up in patches during the summer, and, 
after exposure to the hot dry atmosphere until dry, it is brought to the 
works by raikand stowed in bins of 5,000 cubic yards capacity. 

The Preparation of the Raw Flour from Limestone and Clay. — 
Two methods will be described. Both are in actual use, and may be taken 
as typical of the best ^modern practice for dealing with limestone and 
clay. In the first case, the materials are of n^gular composition and are 
fairly pure. The clay is dried in towcu’s ; tlui limestone, which is hard and 
non-absorbent, is*, not dried, and both th(i:se substances are then crushed 
together in quantities which are weighed by hand ; each mixing, which is 
turned over with the shovel as fed to the crusher, amounts to about 
4 cwts. The grinding is effected by Grifiiii mills, and the material passes 
direct from the crushers to tht* supply-hoppers. These are not large, 
being only of sufficient ciipacity to ensure a constant supply to the mills. 
Any attempt to bulk the camshod material at this stsige would result in 
product of very irregular composition, as the clay and the fine i)ortion of 
the stone would have a tendency to filter through and st‘parate from the 
coarser stone, thus giving alternately an overclnyed and an overlimed 
product. The flour from the mills is collected by screw-conveyors which 
deliver it into storage bins or silos. 

In the second case, the limeslorft is of constant composition, while the 
clay contains a small but varying quantity of carbonate of lime. Both of 
these materials are dri(*d separately, and the stone is roughly crushed 
and passed from the crushers automatically through rotaiy driers. It 
is then i’aiH(*d to the feed hoppers of ball-mills, and is reduced to a 
coarse powder which is elevated and delivered into storage bins. The 
clay is also dried by rotary driers, and is then crushed between rollers 
to a powder which is elevated to storage bins, from which samples are 
withdrawn for hasting ; the proper proportion of clay to limestone being 
calculated from the result of each crushing. Th(} coarse powders ^^,re both 
withdrawn from the bins by worms, and the weighihg is done by 
automatic machines, which discharge ’into a conveyor that mixes and 
carries the material to tube-mills. In the.se mills the final grinding and 
mixing is eff(?cted, and from them the flour is taken by conveyors and 
is elevated to the hop})ers supplying the rotary kilns. 

Silos. — The employment of silos for containing raw fl^ur has been, 
referre<S to, and their use may now be briefly considi^red. Their con- 
struction must depend entirely on the purpose for which they are 
X’equiredj With raw materials of uniform composition, and in which 
little variation in Ihe prdd^ict is likely to occur, they may be used for 
storing a .supply of flftur, anM at the same time may serve to equidise 

r * 



THE DRY PROCESS 


113 


any slight irregularities occurring during the process of crushing and 
grinding. In •this case they are generally of large siz(^ the flour being 
drawn from th(un in several plact\s by worms, which all discharge^ into 
one mixing conveyor. With irregular materials it is usual to construct 
several silos of moderate siz(‘, the contents of widely may be*tested before 
they are drawn out. By simple arrangements of extracting- worms and 
elcviflors, these silos may b(‘- made to answer all the purposes of the 
dosage basins of the wet process. It is thus possible to carry out the 
mixing most efHciently by continuously extracting the flour at the 
bottom, and elevating and discharging it again at the top, either while 
the silo is Ix'ing filled or afterwards. The contents of, one silo, if it be 
overlimed, may be mixed with the contents of another that is overclayod, 
by withdrawing the contents together and discharging tlumi either into 
a third silo or into the main conveyor. Again, the contents of one silo, 
if of incorrect proportions, may be drawn out and discharged into another 
that is being filh'd from the mills, the material from which is adjusted to 
correct that from the silo, while at the same time the mixture may be 
p('rfected by continually withdiawing the contents at the bottojn and 
discharging tlaun at the top during the time that the filling is in 
pi'ognvss. 

Automatic Weighing. — Ih'ference may be mad(^ to a system of 
automatic weighing, which we believe was devised by the late F. J. 
Smidth, which enables a very accurate mixture to be made when dealing 
with two materials when the final grinding is by tube -mills. The 
materials are ground in a dry condition to coarse jiowders, which are 
collect('d in separate bins. Two “clironos” automatic machines, one for 
each material, are coupled together in .such a manner that the hoppers in 
which the materials are weighed will only discharge simultaneously, and 
then only when each of them has received the exact weight of material to 
which it is set. The coarse powilers arc withdrawn from the storage bins 
by wnrms, and the machines are under the control of the chemist in 
charge, wlio regulates them, and who alone has accc^ss to tlunn. A 
counter attach^l to each machine .show.s the quantity of material that has 
passed through. The weighing matliiues discharge into a screw conveyor, 
wdiich mixes, ilhd at the same time conducts, the coarse jiow'der to the 
tube-mills, which both grind and effect a very intimate mixture of the 
ingredients. 

American Practice '^vith Sard. Tjimestone. — The manufacture of 
Portland cement by the dry process from hard matcrii^ls has attained its 
greatest development in America; by far the large^jt quantity of cement 
made in thi^ country •being produced from limestone. The princijial seat 
of the industry is in flie Lehigh Valley, Pentisylvafiia, the limestone 
which is employed occurring on each side df the 'Lehigh River, in the 
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neighbourhood of Cophiy, and also across the Delaware, near Phillips- 
burg, New Jerfs^y. This stone forms part of the siluVian formation, 
and in some cases is a nearly pure carbonate of lime, in others it consists 
of hydraulic limestone known as “ cement rock,” containing from about 
G8 to 72 per cent. <f carbonate of lime. This rock is sometimes of 
uniform composition, but frequently tlui pm-centage of carbonate of lime 
varies in the dillei-ent beds. A cement mixture is made of the two rocks, 
and while the method ,vf preparing and grinding diil’ers in details and in 
the plant em})loyed, the general principle is the same in all the manu- 
factories. Drying previous to gidnding is universal, this being effe(;ted 
by rotary diiers after crushing. When i‘ach kind of rock is of uniform 
composition, th(' <juan titles are generally weighed at tin*. commenccuiKMit, 
prmious to crushing. If the composition is irregular, th(‘y are roughly 
crushed, dried, and either veiy iinely crushed oi- coarsely ground 
separately, the i)i’oducts being stoi*efl in bins f(»r sampling and testing for 
carbonate of lime. The weighing is caia-ied out by automatic matdiiiies. 
The use of either ball- or tube-mills or of Griffin mills for grinding is 
almost universal in the most recent plants; in some of the old(‘r ones 
millstones, built eitlu'r of French burr or of rock emery, are still in use. 
Silos, as such, ar(‘ not a feature of American ])ractic(‘, the ground material 
being generally conveyed from the mills to the hoj)pers or stock bins 
suj)plying the rotary kilns. 

Tho Edison Process. — I'his an entire departure from existing 

methods. The plant is situated at Stewartsville, near Philli])Hburg, New 
Jersey, and is designed to jn-odiUH' 1,500 tons of cement ])(ir day, a 
commencc'inent being made with half this quantity. The inaterials are 
cement rock and nearly pure limestone, and the crushing and grinding 
are effected entirely by rolls. Each rock is coarsely crushed separately. 
The first rolls are 5 feet wide and 5 feet in diameter. After passing 
these rolls, the mabirial falls successiv(*ly through' three other pairs of 
rolls, each of 3 feet in diameter, which reduce it to a size of li inch and 
smaller. The crushed material is carried by conveyor belts to the driers. 
These are vertical towers heated by coal fires at the bottom, and filled 
with inclined cast-iron baffle j dates or shelves, down which the material 
passes. From these towers it is conveyed by belts to storage bins, the 
cement rock and limestone bc'ing still separate. From these bins each 
material is weighed automatically, and the mixture is carried by conveyor 
belts to the line grinding rolls. The process now becomfss a system of ^ 
grinding and separation. After leaving the rolls, a pertain quantity of 
the material passes in a thin stream in front of Jbh^ outlet from a blower. 
Of thes 3 there are 16, each of which is provided yi^ith a box h£«ving muslin 
sides. The fine dust is biown into the muslin-lined boxes, which retain 
it, the air jpassing through the muslin. The coarse stuff falls upon fit' belt. 
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and is conveyecj back to tlie rolls for further grinding. The dust, 96 per 
cent, of wliich is .said to pass a sieve liaviif^ 40,000 meshes per square 
inch, is conveyed from the boxes to a floor, on which it falls layer above 
layer, and is turned ovct and mixed by a rotating screw. Frpm this floor 
it is conveyed to the rotary kilns. 

clinker is groinid and se[)arated (‘xac-tly as is the raw material, 
except that the fii'st, or 5 h'ct rolls, arc here? dispensed with. As regards 
the quality of tlu' j)roduct, this process will certainly giv(* no better 
results than such as arc* obbiined by the* inc'thods usually employed in the 
same district, and which avc have })reviously d(\scribed. Time only can 
s(*ttle the* (jjuestion of coin}>arative cost. This process c*‘rtainly violates 
the* gc'nerally accc'pted i)rinci])lc‘ that the* constituents should be brought 
into a state of (‘xti'(*nH*Iy intimate* and unifonn niixtui’c, for the systcmi of 
sc'parating and i'egj*inding is not faAs^urabh* to the attainment of this 
result. At the same time it must be rem(*ndx*red that the cc‘ment rock, 
which a]>])i‘oaches very closely the (;omposition of a ceni(*nt mixture, 
fofms from SO to 90 j)er (*cnt. of the whole, and the I’c'sulting product 
must conse(|uently be; more ])erfe<*tly compound(*d than if pui*e limestone 
constituted the* great(*r ])aj't. One of the most disastrous failures we ever 
knew resultc'd from the use of air seimrators upon a inixture of nc'arly 
])ure limestone and soft shale. 

The Treatment of Soft Materials. — Many works using soft matcu’ials 
manufacture by the di*y })rocess ; but, apart from other considc'i’ations, the 
choice* of methods must be influenced by the facility with which such 
mat(*rials may bo dried. 'J^hus the "vvatc'r in chalk, chalk marl, and many 
kinds of clay ]nay be (‘asily got rid of, while thc’s sticky, tenacious, alluvial 
mud used on thci aiiamos and Medway, and the soft American marls, 
obtai]ied by dredging, could only be dried at a prohibitive cost. Tf the 
binning is conducted by rotaiy kilns, th(5 wet process should certainly 
be employed, as, although wet slurry r(*quires more fuel to burn it, and 
longer kilns are needed than for the powder of the dry process, the fuel 
is bettej*enipl( 4 ved in the kilns than in drying the materials before 
giinding, ’^^hile the cost of manipulation is less. In the early days of the 
rotary kiln provitvss in America, it was customary to treat dredged marls 
by the diy process, a practicie afterwards abandoned in favour of the wet 
treatment. Tlu* dry process is again being reverted to in one or two 
instances, but we questioM if the results will be commercially successful. 
Another point which should be taken into consideration is tljat of 
climate. In counties subject to severe winters, a wet process plant must 
necessarily suspend operations during frost, while, by the use of the dry 
process, worli may be continued throughout the year. Jn the Caifibridge 
distrmt some of the manufactories employ th^lv'et process, others use the 
dry process, the materials being in all cases exactly similar — ^iz., chalk 
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and chalk marl. Many works on tho Continent of Eur^e also employ 
the^dry process'tor soft mat(fria. 

Process Employed in Denmark. — The system adopted at the 
Aalborg wo^ks in Denmark may be here described as typical of tins 
practice. iTli/^ mateAals are chalk and clay, which are dried in towers. 
Each ingredient is crushed separa 1y to a granular condition rolls, 
and the i‘C(juired quantities are U^en weighed by coupled automatic 
machines. The mixture is carried and further mixed by a screw-conveyor 
to the grinding mills. These are under runner mills, fitted with French 
burrstones 4 feet in diameter. The flour is collected in silos of large 
size, from wliicli it is withdrawn in several places by wmrnis. 

German Process Described. — At a German works using chalk 
marls an entirely different method is employed. The marls as quarri(;d 
are weighed in the correct i)roportions and introduced into an edge-runner 
mill with a peiforated pan. From this mill the mixture pass(\s succes- 
sively through a rotary drier, rolls to break up any hard nibs, and a 
tube-mill. This arrangement of j)an-mill, drier, rolls, and tube-mill, foilns 
one unit of plant. The line flour from the tube-mills is moistened 
with a little water in a mixer of the pug-mill type, and is made into 
simh-dry bricks. The materials now being considered ar(! very hygro- 
scopic, and if the tube-mill is employed for grinding this must imme- 
diately follow the drying, which must be perfect. The tube-j)iill, excei)t 
when employed in tlu‘ wet way, will not work on materials even slightly 
damj); and unksss perfect dryness can be ensured, it is better to em})]oy 
some other system of grinding. French burj- mills will grind materials 
not pcu’fectly dry, and indeed an^ very suitable for those under con- 
sid(‘ration, but a much better output is obtained from a perfectly dry 
material. 

At another German works employing hard and soft chalk marls the 
system in use is a combination of both the wet and dry process. The 
hard marls are prepared in the dry way, the soft marls by the wet; the 
flour in the one case and the slurry in the other being ^f strictly normal 
composition. The two arc mixed in pug-mills to such a consistency as to 
admit of being made into wire-cut bricks, which are (.h'it^d in tunnels. 
It is evident that in preparing the mixture no care need be taken except 
to ensure the proper consistency, both materials being normal. 

Modified Process Employed in Enghind. — A somewhat similar 
process has been employed for many years at a small w^orks in England, 
the materials bmng a hard crystalline limestone ancha soft alluvial clay, 
each being of consfant composition. The limestone is ground to a fine 
powdd*, and is mixed Jn the required proportions wdth clay in wash- 
mills to form a thipk slt^'ry, which is dried either on heated floors or 
by iihe w€tste gases fi’om the kilns. 
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Preparatioi} of the Raw Flour for the Kilns — Brickmaking 
Process. — With rotary kilns no further treatment of th^ raw materials 
, after grinding is necessary. It is conveyed from the mills to the bins or 
hoppers supplying the kilns. In the state of flour it cannot dealt with 
injflxed kilns, and it is now usual to either pug iftid wire-cut it or to 
comprgss it into bricks. If limestone forms the whole or a considerable 
part of the mixture this is nob an easy process, as the material does not 
cohere, and the bricks are soft and friable. Ad, an American works 
using limestone entirely, and making jflastic bricks, it is the practice to 
mix a little natural cement with the flour wdien pugging. This gives 
the bricks a slight set, and renders them aftcu* tlrying suiticieiitly hai’d to 
be handled. With materials that are plastic when sufliciently moistened 
and pugged, wire-cut bricks may be made, but they requii'e drying before 
they can be burnt. This is usually done in tunnel driers, to which wc 
have r(;feri’(‘d wh(*n dealing with the wet process. AVith any material w'e 
prefer to mak(i semi-dry bricks, as they are densei* and more easily 
handled than if made ])lasti(;, and in many cases they may go direct to 
the kiln without further drying. It is not clear to whom we are indebted 
for this process, or where it was first employed. It was very fully dealt 
with by Henry Eeid in his book published in 1877, and several types of 
semi-dry machines were described; but w'e are not aware wdiether it was 
in actual use at th(^ time. AV^e ourselves, after sonn^ preliminary experi- 
ments with hand-pressing, put it into practice in 1883 on a mixture of 
lias limestone* and shales — a very unfavourable material to deal with, as 
the flour was (‘iitirely wanting in plasticity when wetted. After many 
failures, w^e succeeded in producing bricks that were sufliciently dense to 
bear handling and stacking, and yet not so much so as to bo diflicult to 
burn. If too dense, the outside becomes overburnt before the centre has 
clinkered. The machine used was the Whittaker press, which is largely 
(‘inployed for making serni-dry bricks from shale. Fig. 7 is an illustra- 
tion of a single die press which will make 500 bricks per hour. It is 
now usec> in many cases in this country for preparing raw flour for the 
kiln, as also are machines of the Jboggle-lever type. The Dorstemnicr 
hammer press generally used on the Continent, the brick receiving 
three blows from a falling hammer. It is important that the flour 
should be uniformly moistened, and the quantity of water required varies 
from 9 to 11 per cent., according to the nature of the material and the 
fineness to which it is ground. The mixing may be done continuously 
by means of an ordinary paddle-blade conveyor. 
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CHAPTER X. 

THE DRY PROCESS : CRUSHING, GRINDING, AND AUXILIARY 
MACHINERY. 

Contents. — Crushing and Grinding Machinery — Stonchreakcr — The (iyratory 
Crusher — (Jrinding by French Bun* AlilLsiones'-Tho Bi^l-inill — Tlie Tuhe- 
mdl — The Korninor — The Griffin Mdl — Spiral Conveyors — Belt Conveyors 
— The Tray and Swinging Conveyors — Elevators, 

Crushing and Grinding Machinery. — Prom the description given in 
fin earlier chaptcu- it will be understood that only materials capable of 
being brought into a fiiu^ state of subdivision by means of trituration 
with water’ are adapted for treatment by the wet process. Many soft 
materials, however, such as chalk, chalk marl, and certain shales and 
clays may, by pr evious di-yirig, be dealt with quite as efliciently by dry 
methods as by wet gi’inding. Hal’d materials must be gi’ound in the di*y 
state, and, with the extendc'd knowledge of cement manufacturer’s, and 
t;he vastly improved gi’i tiding machinery phiced at their disposal in recent 
years, tlie use of siudi materials for cement making has become very 
general. The grinding jdant in a works using hard limestone b(‘comes an 
important considei-ation when it is remembered that, in addition to every 
100 tons of cement clinkei’ needing to be ground, about 156 tons of raw 
material, often of an extremely hai*d nature, have likewise to be reduced 
to powder’, and that, as is the case in the pi’(*par’ation by wet methods, the 
grinding must be rlone with extreme care. It is thei’efore important 
that we should deal with the various types of machines that are used at 
the pi-esent time in cement works for- crushing, grinding, conveying, and 
elevating* dry mater’ials. It is now very usual to employ precisely the 
same class of machiner’y for grinding both the raw materials and the 
cement clinkeij^ and in many Ainerican works using hard limestone 
for cement making, the grinding plant for the raw materials is an exact 
counterpart of that employ(*d for grinding the finished cement. 

Whatever system of jjrinding is adopted, pi’eliminary crushing of the 
material is necessary, and for this purpose the stonebreaker is generally 
employed. Two ^ypes of this machine will require ta be considered — 
A iz., the swing-jaw sjon^breaker and thfit constructed on the gyratory 
system , • 

The Swing- Jaw Stonebreaker.— MosJ of these machines are 
modifications of the original patent of Blake f these* modifications consist 
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generally of clijl|erent methods of actuating the reciproca^ting jaw. \V( 
can l>est explain their action by reference to Fig. 8, which is a section of s 
Blake machine made by Messrs. Bobert Broadbent tfe Son, of StaJybridge. 
The main frar/jc, A, \\ hich carries every part of the machine, consists usually 
of one east which iVi the larger sizes is strengthened by bolts and steel 
bands, but wliich, in the case of machines made for export, is freqiw^ntly 
constructed of steel ])lates, bolted together ; X is the swing-jaw shaft, and 
] the jaw ; and K” a^o the fixed jaw faces, and J is the swing-jaw face. 
These faces are of chilled iron or manganese steel, and they are provided 
Avith vertical V-shaped grooves which bite into or engage with each other. 
When worn at tfie bottom, the\se jiarts may be turned end for end, and 
they will again wear for a considerable time. Ft>r the manufacture of 



Fig. 8. — Section of Blake Stoir'breaker. 


road metal, the grooves are large and deep, the object being to break the 
stone into cubes without crushing it more than is necessary, and to do 
this with the production of a minimum quantity of small material and 
dust. When, as in the case of cemenUmanufacture, the object is to crush 
the material, the grooves are made very much smaller. Tims, for cubing 
purposes, the distance between the ridges is about inches, while for 
crushing the ribs arc generally about 1 J inches apart. and are 
kept in place by the cheeks, H ; the swing-jaw face, J, is secured by 
the wedge-bolts, Wh E is the driving shaft, the centre portion of whidi 
has an eccentricity of , about 1 inch. This shaft is provided with two heavy 
flywheels, B and C, to either of which the driving ]pulley may be bolted ; 
and by lengthening the shaft a loose pulley can, if necessary, be employed. 
The eccentric action* of the shaft, E, which is driven at a spe«td of 
250 involutions per minute, imparts a swinging motion to the pitman, D, 
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and this motio^n is ti'ansmitted by the toggle-plates, N N, to the moving 
jaw. This jaw approaches to and recedes ^from the stationary face, and 
the mater-ial to be broktm is cliarged into the liopper-sha])ed space at the 
upper part of the jaws. It is thus continuously struck, liberated, and 
reduced in size as it passes downwards through th(^gradi;all^^ contracting 
opcnyig between the jaws until it is sufficiently small to pass through the 



Fig. 9.— Blake Stonebreaker — General View. 

orifice at the bottom. The width of this opening is regulated by the 
wedge block, L,*and the return of the swinging jaw is effectec/ by tie 
drawback motion, •P,Q,R,S,T,U,V. Any atte*mpt to obtain an ex- 
tremel5r fine product tit one operation by un^luly contracting <his lower 
orifice will certainly result, sooner or later^m the. breakage of some part 
of the machine, and tliis will probably be th\eccentric shaft.. 
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If a fine product is required at this stage it may best be obtained by 
the use of a second and smaller breaker. The crushed material from the 
first breaker would in tliis case be passed through a rotary screen, formed 
of perforated ii’oii plates, and the portion rejected would then fall between 
the jaws of tiie second and smaller machine, which should be set rather 
clostT together 'than those of the first. The material is thus really sledged 
at the first operation, during Avhich proc(*ss a considerabh? amount of* dust 
and small is made ; tliis dust and small having been removed by the 
screen, the reject'd portion, now of moderate size, becomes further 
reduced by using a smaller and more closcdy set machine, without risk 
of damage. In ^some cases one machine only is employed, and the 
product is screeiusl, and tln^ reject'd portion, as it is delivered from 
the end of the screen, is again caused to pass between the jaws ; but 
we consid(;r the us(‘ of two machin(‘s to be prefeiuble. Fig. 9 is a general 
view of the J3roadbent stonobreaker, which shows the diOivery in front. 
This, however, may b(* arranged with equal convenience at either side. 

Tho Gyratory Crusher. — The crushing action of the {lestle ami 
mortfir, where the pestle is simply rotated in tin* mortar and not used 
in the form of a stamp, has been taken as the model by more than one 
inventoi* for stonebn'aking or crushing as also for grinding purposes. 
Htomdireakers and rough crushers <!onstructed on this pi-in(;iple ha.\(' 
long been in A'ery g(*neral ust* in America, and although empl()y(‘d to 
some extent in this country they hay* ne\er been po^mlar her(‘. Jn 
Fig. 10 we give a si‘ctional perspective ^ iew of a machine of this type 
made by IVI(*ssi*s. Hadfield of Shellield. It is necessary to understand 
that the crushing com*, K, do(*s not itself revolve on its axis, but is 
caused to gyrate*. As it gyratt*s it approaches to and recedes fi-om the 
shell, N; the distance between the com* and the shell, and consequently 
the size of the product, being regulated by raising or lowering the central 
spindle, 1, by means of a hand-wheel at the bottojn which is not shown 
in the illustration. The spindle is .secured in the reejuired place by the 
tighhming scri^w, 2. The hollow shaft, to which the (rrushing gone is 
firmly attiiched, is siippoited on the .spindle by the bafi and socket 
bearing, P, 12, and the gyratory motion is imparted to this shaft by 
the eccentric, Gh The cone mantle, S, and the concave philes, 0, which 
line the tt)p shell are of Hadfield’s manganese steel, and tlu^se parts are 
easily renewable. A special feature of this machine is the arrangement 
to pi*cvent breakage in the event of the fall of a hammer a crowl5ar 
into the«feed openin^^, which is by no means an unusual qpcurrence. The 
driving pulle}^ J, is not fast to the countershaft, 3, but i.s free to revolve 
were it not for its connection to the hub, K, by the two cast-iion break- 
pin.s, 13. The hub Is keyed fast to the countershaft, and the break-pins 
are of sufiicient strengVh W*drive the crusher when working on fhe 
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hardest stone, ^but they are not strong enough to stand any undue and 
excessive strain Jikely to damajjfe the machine. 

Jn comparing the gyratory crusbei- *witli the reciprocating* jaw 
machine, it is clear that the efliciency, or output, will depend" upon 
the quantity of the material which can lie opiated upon 'in any 'given 
period of time, and it is also evident that of these two machines that one 
W1 be the most ellicient wliich brings into action the hugest eflfective 
enisling suifacc in the time in question. The diameter of the crushing 



Fig. 10.- 


-Hadficld's (gyratory Crusher. 


cone of a gyratory breaker is about the .same as the width of the jaw of 
a reciprocatwig machine which would admit the same size of stone As 
however, the ciscumfercnce is about three times the diameter,, and ns 
the cone makes on% complete gymtion for every forward motion of the 
swmgmg ^aw. It IS evident that three times the quantity of material 
can e dealt with by the gyratory iiricbiiiq. in the s*ame period of time 
as by the machine of the reciprocating type 
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Grinding by French Burr Millstones. — This system of grinding 
is, as n^gards iie\|f installations, now almost obsolete, and for the purpos( 
of grinding cement clinker a few years will 2)robably see the end of all the 



Fig. 11.— Millstopes and Driving Gear— Sectional View and Plan. 

' « 


existing p'ants. For grinding raw materials, if they are of a s(3ft nature, 
millstones can, however, be profitably employed and they may be therefore 
briffly referred, to. We h^ eV’epared a sectional end view and plan of 
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one complete nursi (Fig. 11), fitted with stones 4 feet 6 inches in diameter, 
forming one of a set of seven mills arranged in line^nd dri\en from 
one shaft by nine 1 J-ineh ropes direct from the flywheel of the engine. 
They arc grinding moderately hard limestone and cl.iy to produce raw 
flour, and receive the material to be ground di»ect from a Blake-type 
crusher. Our experience, the result of long and careful experiment, 
goes to show that, contrary to the gimerally received opinion, nothing 
is gained by fine crushing the material prevj^us to grinding by this 
system. The stones make 140 revolutions per minute and the con- 
struction of the gearing is extremely simple. The wheels are in halves 
to facilitate removal, the pinions are both adjusted •for working and 
lifted out of gear by the hand-wheels as shown by the figure. The 
g(;aring is easily accessible and is situated in a room below the working 
floor, aAvay from dust. The lightening gear, for adjusting the stones, is 
actuated from this floor. The spiral conveyor for collecting the product 
from the mills is not sliown in the figure. It is j)laced close to the 
hurst on the wall side, and the cover of the trough is level with the 
floor; it is thus easily accessible for examination, cleaning, and repairs. 
4'lie stone cases and the Avhole of tiie feed gear are in this installation 
constructc'-d of wrought iron. On the Continent mills of this type, in 
which the understone is driven, are used to a considerable extent and 
are said to give very good results. 

The Ball- mill. — 'riiis mill is a German invention, and w'as originally 
employed for fine grinding, for which purpose, owing to the small output, 
it did not prove to be an unqualified success. In Fig. 12 w(' show a 
transverse and in Fig. 13 an axial section of tlie mill, as made by Messrs. 
Jtmisch it Lohnert. Its construction has been departed from in some 
minor details by other mak(u-s, but the general principle is tlie same in 
all. The machine consists of a rotary drum built up of steel plates on 
a steel shaft of ample strength, and a feed hopper is provided at one of 
the sides, which sides are lined with renewable steel or chilled-iron 
plates.* It is made in various sizes up to 7 feet in diameter; each 
machine requiring a given weight of steel balls of different sizes. A 
few additioi^l balls are added from time to time to replace loss by 
wear, as for the efficient working of the mill the specified w^eight of 
balls must be maintained, A mill having a drum, 7 feet in diameter 
and 40 inches wide, rd&^olves at 22 revolutions per minute, and requires 
about 18 cwts. of balls. The feed is continuous. The inner circum- 
ference of the •drum is formed of heavy steel plsftes perforated with 
^-inch holes stepp#d <is shown in Fig. 13; the*end of one plate over- 
lapping the, beginnings of the next one with a ^pace t>etween them. This 
arrangement has the effect of diverting tlia balls from their rotary track 
as the drum revolves, and imparts to thenl^a dropping motion, thereby 




12 and 13. — Jeniscb &-Lolinert liall-iiiill — Type 


the dry process. 




for the outer or final sievp^ Ti ■ ^ forms a protection 
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portions finally rejected by the sieves fall l)ack to the centre of the drum 
through the 0 ])fnings between tlie inner plates for further grinding. The 
druin is encIos(‘d in a dust-tight iron casing, and the ground material 
falls into the hop{)ei' below in order to be automatically conveyed away. 
Fig. 14 shows a mij^ of the same construction as that illustrated in 
Figs. 12 and' 13, except that the shaft instead of jMissing through the 
feed lioppei' terminates inside the drum and is secured to a boas, the 
extiunal part of which is carried by roller bearings. This allows of 
the insertion of large pieces of stones and at tlu; same time it enables 
the diameter of tlu' fc‘ed opening to be reduced wdiile admitting of the 
use of a heavier ^charge of balls. In a third type of machine the internal 
shaft and boss are omitted altogether, and the mill is carried by outside 
bosses resting on roller bearings. 

The Tube-mill. — This is a finishing or fine grinding mill for dealing 



Fig. 15.— Biividsen Tube-mill. 


with a product which has previously been coarsely ground by some other 
means, and was introduced to the cement industry about 1895. This 
mill, which was the invention of Mr. Davidsen, of the firm ci^ Messrs. 
8midtli it Co. of Copenhagen, made rapid headway, and it is now used in 
cement w'orks in every part of the"w"orld. The construction of the 
machine, w hich is shoAvn in Fig. 15, is simplicity itself. It consists of a 
long tube or cylinder rolled from steel plate and welded at the joints, 
being thus entirely without seam or riv(;t. 'J’hjs cylinder is attached to 
cast-steel eiid-platos, provided with pivots, on which it^. revolves liori- 
zontaby in bearin'gs lined with anti-friction metal. Tli^ pivot at the inlet 
end is hollow, the material to be ground being dgjiypred through it to the 
interion pfx the mjll by a w'orm-feed, either from storage bins (jr from a 
hopper containing a small reserve sufficient to ensure steady feeding. 
The spur driving-wheel is? Iceyed to brackets cast on the inlet-end plate. 
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The interior of the mill is lined in the case of the smallest size with 
chilled cast-iron plates ; the larger sizes maj have similaf plates, or they 
may be lined with quartzite blocks. The diameter of the smallest mill is 
not sufficient to admit of the use of the latter material. The mill is about 
half filled with flint pebbles of various sizes, the la^*ger eiicsiljeing placed 
near the inlet end ; the smaller stones art* inserted near the outlet. 
Delivery of the ground material is arranged for by providing a narrow 
grid, continued entirely round the cii‘cu inference of the mill, enclosed by 
a (lust casing. As the mill revolves, the pebbles alternately rise and fall, 
the grinding being effected by their crushing and rubbing action as the 
material operatt'd on travtds along the cjdinder. Loss by wear is made 
up by the occasional instirtion of more pebbles. Tn new plants the 
ball-mill, provided with outer sieves of from 20 to 30 meshes to the 
lineal inch, is now generally employed for the preliminary coarse grinding 
before the material enters the tube-mill. There is practically no limit 
to the fineness that may be obtained by the use of the tube-mill, either 
by finer preparatory grinding, by tjausiiig a smaller quantity of muttirial 
to pass through it, or by the use of several successive mills. 

Dimensions and Output. — The Davidsen mill is at present made 
in the four following sizes, the output from each being compared with 
that from No. 12, which is taken as unity: — 


Diaiiietor. Lenj^th. OiitpuL. 

No. 12, . .4 feel, .... IGfcet, . . 1. 

No. 14, . . . . . . 21 „ . .2. 

No. 16, . . „ 4 inchcH, . . 24 „ . . to X 

No. 17-5, . T) „ 10 ,, . . 27 „ . . si to 4. 


Deviations from the original pati'iit have l^een made by other makers, 
but the changes consist principally in details of the method of feeding 
and in the dt'livery, which is sometimes arranged at thtj ct'ntre of the end 
instead of at tlie circumference. In some of the American machines, the 
cylinders, instead of being welded, are riveted with butt joints and straps, 
Tho ^ominor. — This is a ball-mill of an improved type, especially 
dtisigned for i^eparing material for tlie tube-mill, and it is illustrated in 
Fig. 16. This machine is the invf?ntion of Messrs. F. L. 8midth & Co., 
and it is knov^n in England by the registered name of “Kominor.” It 
contains no perforated plates, the material to be operated on is fed in 
through a hopper at th\? side, as in tho case of a ball-mill, and has to 
travbl across the mill until it arrives at the discharge, which is situated 
at the periphery ^on the opposite side to the inlet, txactly as hi the 
Davidsen tube-mill. After passing out, the dust Sails upon the sieves, 
which h^ve.a decideef slope towards the inlet end, and the portion which 
does not pass the sieves is conducted back by*a series of pipes and is 
retuilied to the feed-hopper. It is claimed i^that besides the crushing 
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action of the balls they likewise exert a certain amount of rubbing 
action, due to the passage of the material across the mill, and it is also 



asserted tjiat the^ sloping sieves give a better sifting than the horizontal 
ones in. the old type of ball-mill. A comparative test on limestone 
between a “Kominor” i^d'a ball-mill of equal size was recently made at 
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a cement moi|?s in the Lehigh Valle}^ Pennsylvania. The limestone 
was first roughly crushed by a gyrating cruslier, some of ^he pieces fed to 
the mill being as much as 3 or 4 inches in diameter. The “Komihor" 
ground 14,000 lbs. per hour, against 8,000 lbs. produced by the ball-mill, 
both ground to the samt*. degree of fineness, ai^d with 1:io apparent 
difference in the expenditure of power. • • 

TAG G-riffin Mill. — Tliis is an American mill made by the Bradley 
Pulveriser Co., and it is shown in elevation and section in Figs. 17 and 
18. Jt consists of a. base-jdate and pan, 24 (Fig. *18), contiiining a renew- 
able grinding ring or di(‘, against whitih the mateidal op(‘i’ated on is 
ground by the roller, 31. To the base-plate, the .siew frame, 44, is 
attaclud, and to this again is fix(‘d tin* cone, 2r), through which the shaft 
works. Th(‘ sieve is suiTounded by a sheet-iron casing, and in the base- 
plate an' ai’ranged a numbc'i of openings outside tlu' grinding ring and 
pan, through which tlui finished product falls into a channel below, 
from which it is removed b}' a conveyor. Shoes or “plows,” which are 
vai‘i(‘d in shape to suit the mat(*rial operat'd upon, art' atbiched tt> the 
bottom of the roll, and above the roll and in a centiul position in relation 
to the sie\e a fan, 7, is fixed to the shaft. Tlie driving pulley is hori- 
zontal, and contxins the universal joint, 9, from which is suspended the 
shaft, 1, to xvhich the roller is securely fixed. This joint, which is 
entirely cased in, is the only part re<juiring lubrication ; this is effected 
through the hole 12. 

To quote from the maker's description : — “ The roll is revolved witliin 
the die in the same dii’ection that the shaft is driven, but when coming 
ill contact with the die it travels around tlie die in the opposite direction 
from that in which the roll is revolving with the shaft, thus giving the 
mill two direct actions on the material to be ground. There is a pressure 
by centrifugal force of 6,000 pounds brought to bear on the material 
being pulverised between the roll and die, the united actions Ixeing very 
effective in their combination. The universal joint, by which the shaft is 
conm'cti'xj to the pulley, allows pei-fect freedom of movement to the roll, 
so that it can Gitsily pass over obstructions of any kind. Pieces of iron 
or steel thus do no damage to the laill.” 

The feed is Continuous through the hopper, 50, by means of the worm, 
49, which is driven by the step pulleys, 13 and 40, and which regulate the 
speed. The mill will dc.al with material as crushed by a stonebreaker, 
but passing a f-inch ring. As soon as the mill is in full operation, and 
when sufficient material has entered the pan, it is stirred up and kept iir 
rapid motion by the action of the shoes on the bottom of the roll, which 
throw it^between the ^’inding* ring and the roll. The fine jj)owder, as 
fast as it is produced, is removed through the screen by* the fan, 7, which 
drawjJ air from the top of the cone, 25 ; thefoast falls into the conveyor 
channel belpw. The mill thus continuously grirds and sifts. 
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I^ig. 17. — The Griffin Mill — General yiew. 
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The screen, wire may })e of much coarser mesli thdii the finished 
proo^uct. Thus a screen lia^iii" 16 divisions to the inch will deliver a 
product leaving less than 10 per cent of fine residue wlien tested on a 
sieve* liaving* 60 meshes to the lineal inch. With the ball-mill, the outer 
sieve must be of the same mesh as the required product, hence the 
difficulty of obtaining a large output of fine material. The Griffih mill 
is self-contained, being entirely built on the bod -plate, and by some 
modifications this mill iaay be adapted for wet grinding. The diameter 
of the grinding ring or pan is 32 iiK^hes. 

Spiral Conveyors. — The employment of the solid cast- or sheet-iron 
screw-conveyor for the transmission of granular or powdt'.red materials is 
now almost obsolete. It was found from (‘xpeiiiiuuits that the actual 
work was all done by a narrow portion of the outside circumforenci' of 
the screw, the remainder of the bladi; being of no value whatever as 


STEVENSON'S PATENT. 



CAST IRON TROUGH END BEARING 


Fig. 19. — Spiral Conveyor. 

regards carrying capacity, but really occasioning loss of power b^^friction. 
This l(‘d to the introduction of the .skeleton-conveyor, fo»med of a strip 
of steel, coiled by a special machine, 40 form a spiral of uniform pitch, 
which is secured to a shaft by steel attachments. Oiif end of these 
radial attachments is fiat, and is bolted to the spiral band, the other end 
is formed into a split eye, which clips the shaft and is secured by two 
bolts. The shaft with the conveyor is suspendefl in trou^hing, either of 
oast ojr of wrougl^b iron, by means of hangers. An illustration is given 
at Fig. 19 of the ccyiveyor, hanger, and troughin^. Delivery may be 
obtained at any required points by arranging outlets fitted wjth slides in 
the bottSm^of the trough^.. 

This style of conveyor cs well adapted for granular materials or 
powders in the drv condition. For broken stone or for cement clinker it 
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is, however, quite unsuitable, and when used for damp materials it does^ 
not answer well. This form of conveyor rdl work satisfactorily qn a 
• slightly upward gradient, and it is sometimes convenient to employ it 
in this way. If the gradient is steep, it is better to utilise; a soli^ con- 
veyor, which will work even up to an angle of *80 degrees; we have 
not tt’ied it at a greater elevation than this. The spiral conveyor. 



20. — Paddlc-l)la<lc Conveyor. 


although very etUcieiit for transj)ort purposes, does not to any great 
extent mix the material carried. If mixing as well as transmission is 
requir'd a paddle-hlade conveyor should he employ(*d. In Fig. 20 we 
show one type in wliich the blades are of chilled iron, and slip on to the 
square shaft; the blades at the ends and whore the hangers occur should 



Fig. 21. — Paddlo-bladu Conveyor (Wedge Cutters). 

be secured by so* screws. In this type of machine the blades must be 
made either right dt lt;ft handed, according to the direction in which the 
conveyor or ^nixer is Required to deliver. In Fig. ^1 the blades are of 
cast* steel, with shanks which pass througl^ the shaft and are secured by 
nuts. Here it is obvious that by reversing the angle at which they are 
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set in the shaft the same blades may be used to carry citter to the right 

or to the left hand. A modified form of blade for stiff materials is 
shown in Fig. 22. 

^plt Co?iveyors.-An encllm Wt, snppoi-ted by rollers, uill carry 
almost anj. material,, whether in a coarse or in a fine condition If 
required to deliver at a fixed point, the best form of support for the 
currying side is composed of three rollers, each of them about equal in 
length to one-third of thy width of the belt. One of these rollers is fixed 
homontally under the centre of the belt, and one is placed on either side 
with its axis set at an angle of about 45° with the central one. This 
causes the belt lo assume a trough-like shape, and greatly increases its 
carrying capacity. The rollers .should be plac.sl from 4 to 6 feet apart 
according to the wi.lth of the belt, and the weight of the mab-rial to be 
ciirried. The empty part of the belt is Wt siqiporbsl on tlat rollers for 
tie return journey. If it be required to deliver the material at inter- 
mediate points, the belt mu.st lie flat; it must be of ample width in order 



Fig. 22.-— Paddle- blade Conveyor (Short Cullers). 


to prevent the load from falling off, and it is important that the material 
should be delivered on to the belt at a uniform rate. 

The delivery is effected by means of a throw-off carriage, which runs 
on the beams passing along each .side of the belt in order to support the 
rollers, and the carnage may be shifted to any po.sition. It effects the 
stoppage of the stream of material, and it can be arranged to throw it 
either dear of the belt or into a hopper attached to the carriage, from 
whidi It may be led away by shoots. When carrying ftie substances, 
the belt may conveniently travel at a speed of from 200 to 300 feet per 
minute, and an enormous amount of material may be moved in this way 
with a veiy small expenditure of imwer. •' 


Thp Tray an<J the Kreiss Conveyors.— The tray conveyor is illus- 
trat^ in Fig. 23, which sufficiently explains its construction. It is 
adapted for carrying broken stone, clay, cqke, and Materials of this kind 
and it is*^^often of value i». the re-arrangement of did plants.' The Kreiss 
swmging conveyor consists ot an open trough fixed on .spring supports, 
^t may either be attached to a floor or may be suspended from above. 
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The trouglais made of very light material, as, contrary to wliat 
might be expected, it is subject to but little^wear. A shaking motion is 
• imparted to it l)y a small countershaft and crank, and the matei’ial fed in 
at one eiid travels quietly and witli great rapidity to tlie otly'i*. It^may 
be of any reasonable length (an example is given o^one 300 feet long), it 
may be driven^[at any point in its length, and it can be lengthened 
without interfering with the di-iving niechanisin. 'JTie conveyor may be 
fed at any desired point, and the material can 1^- drawn oif wherevei* it 
is re(iiiired by means of openings fitted with slides. This conveyor will 
carry on an upward gradient of 1 in 20, and it is claimed for it that it 
will convey any material, fine or coarse, either in a di^y or in a damp 
condition. Tt requires but little power to drive ; a conveyor driven 
by a belt 2 inches wide running on a pulley G inches in diameter will 
c()nv(‘y 7 tons per hour. Our own knowledge of it is confined to its use 



Fig. 23. — Tlie Tray Conveyor. 

for transporting broken stone, for which purpose it proved to be admir- 
ably adapted. » 

Elevators.*— These, when used for the puri)oses under consideration, 
consist of endless belts or chains travelling over pulleys or whe(ds, to 
which are attached at regular intervals buckets which lift and deliver the 
material to be elevated. ^ The buckets are now usually stamped from steel 
plate, without seams or overlapping edges, and with^ round confers to 
facilitate delivery. They may be obtained in an almost endless variety 
of patterns^ as regar(ts shape, jyapacity, and thickness of plate. Textile 
belting is fr^uently employed for elevators, tko buebets bei^g attached 
to the belt by means of flat-headed bolts, ^s shown in Fig. 24, the belt 
being arranged to run over ordinary pulleys. 
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Detachable Jink chains of steel or of malleable iron, with suitable 
link-'i to which the buckets '’can be attached, may be obtained in many 
forms and sizes. Examples are given in Figs. 25 to 28. In Fig. 29 is 
shown the sprocket wheel at the head of the eh^vator, by which the 
chain is ca^-ried round the shaft. Fig. 30 illustrates a complete vertical 
elevator without the casing, and Fig. 31 shows an inclined elevator 
fully cas(‘d in. It will be noticed that means are provided in the 
bottom fixing or boot fc*.’ taking up the wear of the chain or belt. 

It is necessary that the feed to elevators should be 
uniform, and, if possible, it should always be at the 
fi-ont or up side, so that the material may fall into tin* 
rising buckets, instead of Ix'ing (uitirely scooped up, 
as must b(; the case if they are f(‘d at the back. This 
ai)paratus should always be diiven from the top. As 
to the respective nuu-its of belts or chains, every case 

must be specially con- 
sidered on its merits. 
Without doubt all the 
products of the various 
stages of the nuniufac- 
tuH' of cement may be 
lifted by Ix'lt elevators, 
and if the lifts are high, 
and if the ehwators are 
inclined from the per- 
l>endicular, belts should 
b(‘ employed on account 
of their lightness. In 
highly inclined belt ele- 
vators, the up side should 
run on a board, the down 
side beifig allowed to 
hang free. The belt may 
then run fairly slack. 
For high lifts the pulleys 

for belt elevators should always be flanged. 

Iti the case of raw flour it is best to employ belts, an,d a cotton oelt 
will last for this tpurpose for many years. On the o/;her hand, cement 
powder is very destructive to belts of this nature, and chain belts will be 
found to be more durable for ground cement. The same advme may be 
given in the case ot cemefit clinker, while there is here the additional risk 
of dajmage likely to be caused by hot lumps of the material. For damp 
raw flour nothing ^stands better than a solid woven cotton belt, well 
pickled in a preservative solution. 



Fig. 24. — Detail 
of Belt Elevator. 


Fig. 25.” Details of Chain Belt 
and Elevator. 




Figs. 2(J, 27, 28. — Details of Chain Belt and Elevators. 
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Contents.— Cl 1 cm ifiti-y of CVnient Calcination— Freniy’s .4C\pcrimeiits — Exclusion of 
!Sul[)luir — Alumina and the Setting Proce.ss — Landrin'.s Experiments — Suh- 
.stanccs found in Cements — M, Le Chatelier’s Experiments — Microscopical 
Investigations— Dr. Erdmeiiger’s Experiments — Messrs. Newberry’s Exjieri- 
inents— Calcination in the Open Kiln — Closed Kiln —The Johnson Chambers — 
Cibbon’s Chambers — Michele's Chambers — Batchelor Kiln — Drying Chambers 
for Bricks — Cases Involved from Cement Kilns— Shaft Kilns— Dictszeli Kiln — 
Aalborg Kiln- Schneider Kiln — TTaiiensehild Kiln — Hotop Kiln — Stein Kiln— 
Tlotlinann Kiln. 

Chemistry of Cement Calcination. — AVe Inive already spoken of the 
chemical changes which have to be effected in Uk^ kiln — firstly, the 
expulsion of the carbonic acid gas, vvhich i.s a matter of no difficulty ; 
and secondly, the production of compounds of silica, linu', and alumina at 
a point \ cry little- short of that of fusion. The lime, on being freed from 
its carbonic acid gas, and, therefore, in what is termed the “nascent 
state,'' is in the best jiossible condition to enter into fresh combinations. 
As the teinpoi’ature in the kiln rises the draught increases, and the 
sluggisli and heavy carbonic acid gas is by degrees passed out of the kiln. 
The free lime is then presented to the silicate of alumina of the clay, and, 
as laboratory experiments prove, it is enabled to expel the alumina and 
to form a fairly stable base, the calcic silicate, but in the proportions 
found by experiment to be those best adapted for the production of 
Portland cement, there is invariably a much largt‘r amount of lime 
present than the silica alone can neutralise. The alumina assumes at 
very bigii temperatures acid functions, and enters into combination with 
a further poifion of the lime to form the so-called aluminate of lime. 
The same may^be true to some extent also of the iron. 

Premy’s Experiments. — M. Fremy, wdiose experiments are relied 
upon to prove the existence of iliis alumina compound in Portland cement, 
was able to produce a b^se from lime and alumina alone in the absence of 
silica, and he thus dispelled the theory that the alumina still continued in 
combination with* the silica in the form of the douWe silicate cif lin*e 
and alumina. 

In ordei* obtaintthc aMmina in a perfectly pure state, M. Fremy, 
who§e researches were first published in 1865, j&*epareff this substance by 
the calcination of ammonia alum. He al*o produced lime of absolute 
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purity from Iceland spar. When this latter material is ^ubmitted to the 
intense heat o6the wind furnace the resultant lime does not melt, but is 
transformed into a crystallftie substance wdth a cleava^^e resembling that 
of marble. 

Precautions taken to exclude Sulphur. — Tho experiments with 
Jime and iilwnina were carried out in carbon crucibles, and in order to 
avoid the possi])ility of the formation of calcium sulphide, due to im- 
purities in the fuel, the mixtures of alumina and lime were placed in 
a small iniK'r <!arbon crucibk', enclosed in an outer one packed full of 
powdered lime. In the utmost heat of the wind furnace, mixtures of 
80 j)arts of lime and 20 of alumina were melted, as were also mixtures 
containing 90 parts of lime and 10 of alumina. A mixture of 93 parts of 
lime and 7 of alumina was oven fritt(‘d or run to glass. The alumina, in 
fact, serY(‘s as an excellent flux for the lime, and in this respect is sujxu'ior 
even to silica. Tliese compounds of lime and alumina, containing such 
a larg(‘ ('xcc'ss of lime, are crystalline in sti‘uctur(‘ ; indeed, their fracturcj 
resembles that of loaf sugar. They have a strongly alkaline reaction, and 
combine with waten* with a considerable (‘volution of heat. They may in 
some respects compare with llux(xl lime. These substances, which swell 
up in water, howc'vcr, like quicklime, can obviously j)lay no part in the 
set of cements ; but tlu* (;ase is (juitc differciit when we have to (k^al w’ith 
compounds of lim(' and alumina, represented by the forjnula‘ CaO,AbC);j, 
2Ca(),A]o0.j, and 3Ca0,Al,0,,, which adless basic than the foregoing salts. 
When these aluminatos are reductxl to a fim* powder and gauged wdth 
water, they at once solidify and form hydrates, whi(di ac(|uire, even in 
watt'r, a consideriiblo degree of hardness ; th(‘y are, mon'over, capable of 
binding together large quantities of sand to form hydraulic mortars, which 
have a stone-like consistency. 

Part taken by Alumina in the Setting Process. — As tho out- 
come of these experim(‘nts, M. Fremy was led to assert that the set of 
cements was caused by the hydration of the aluminates of lime, and not 
by that of the compounds of lime and silica, which had no setti^ action, 
nor by the double silicates of lime and alumina, which all different 
proportions he found to be likewdsc' inert. If the accuracy of these 
investigations be admitted, we must relinquish all those theories of cement 
action which depend for their explanation on the behaviour of compounds 
of lime and silica. 

Further Experiments by M. Fremy. — Tbe setting action of •the 
Qompq^inds of lin^ and alumina was not, however, su^cient to explain 
all the phenomena of.hydraulicity, as M. Fremy himself recognised, for 
it would not account for the behaviour o£ quick] ime in the ^rq^ence of 
puzzuolana*br of a^lcin4d silicate of alumina. In a subsequent memoir, 
in 1868, he showed that even in the case of a perfectly pure hydrated 
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silicate of alumina, which contained J65 per cent, of silica, 25 per cenf?of 
alumina and 10*per cent, of water, and was represented j[}y the formula 
3(8i0.,)Al.j0j52H20, an excellent puzzuolanafcould be produced by sii^ple 
• calcination at a temperature of about 1,300“ F. This substance, on the 
addition of water, Mas able to impart to linu; hydj'aulic properties which 
M ere manifestly due to the sim})]e dehydration of the clay, ^nd it M-as 
found by further experiment that }>urc hydrated silicates of alumina, 
even when intensedy heated, still retained their poMcr of recombining 
M'ith M'at(T and acting as puzzuolana; the only di0erenc(‘ bt'ing that after 
exposure to very high temperatures the setting action of the mixture of 
lime and clay Mas retarded. The inttu-val lU'eded for induration could bo 
extemb'd or dt'creased in accordance' Mutli the temperature at wliich the 
silicate was calcined. He states his belh'f that all clays capable of acting 
as puzzuolanas, or such as contain relatively large (piantities of silica 
Avhich b('come gelatinous M'hen treated with hydrochlui’ic acid, arc decom- 
posed by dehydration ; that a certain proportion of tin* combined silica 
and alumina is nob only dt'composed, but that these eleimuits remain 
separated and are j)resent in an allotropic form ; they are thus ready to 
form new compounds Mdien presen t<'d to quicklime in th(‘ presence of 
Mater. Qdierc' are, hoM’ever, as h(‘ points out, many puzzuolanas which 
contain also notable (juaiitities of lime', in addition to the sili(«i and 
the alumina, and in these subsUinces the elFect of calcination is to bring 
about the formation of fresh compounds of lime and the sili(‘at(5s, in 
addition to the free silica and alumina, which substances are capable of 
I’c-arrangement in the presence of waU'r. lie regards Portland cement 
then as a highly complex body, which must comprise aluminates of 
lime formed at exti’erne temperatures, but also nohible proportions of 
these puzzuolana-like substances, all of tliem capable of becoming in- 
durat(*d in the presencie of lime after treatment with M^ater. 

M. Landrin’s Experiments on Cements. — Some imporhint observa- 
tions upon the siliciites of lime have been communicated to the Academic 
des Sciences by M. Landrin, another patit'nt investigator, mIio has done 
much to ^llro^\pIight upon this vexed question. He believes that in the 
compound of 44 ‘55 parts of silica ^ith 55*45 parts of lime, a salt which 
has the formufei of 5Ca0,3Si02, w e have the basis of all good Portland 
cements. lie terras this substance “ pouzzo-Portland,” because it is found 
to exist alike in Portland cement and in puzzuolana. It would seem from 
his experiments that it constitutes a large proportion of all cements of the 
Portland type, along with aluminates of lime, oxide of i^on, and ma^^nesi^. 
It has been observed that when equal quantities ^f lime and silica, in 
a pure state, are strongly hej^ted, a compound is obtained resembling 
Wollastonite, %ith the formula CaOjSiOg, which icon tains 48*4 «?f Hme and 
51*4 t)f silica. This substance, which is v^ry hard and crystalline in 
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frjJbture, is not attacked by water, aLd thus is not capable in any way of 
influencing' cement action. If the volume of lime is doubled so as to 
obtain a compound answering to the formula 2Ca0,8i02, conhiining 65*1 
per cent, of lime and cU’O per cent, of silica, the resulting silicate is, when 
hot, 'a hard 'compact mass, but as it cools it gradually disintegrates and 
crumbles ^wi\,y into a bulky grey 2)Owder, rather resembling slaked lime. 
This is 11) doubt the siibstiince, also teimed the ortho-silicate, wliich is 
pi'esent in so called “sli])!)}^ clinker,^’ produced from ovTr-cla^^ed sJurjy. 

M. Lo Chatelier’fi Experiments with the Microscope. -“This 
theory, which is v(‘ry ingenious, and not incajmble of being reconciled 
with the views of Feichtingcr and other chemists, received much confir- 
mation from the more recent invc'stigations of M. Le Chatelier, which 
were communicated to the Paris Acadimiy on March 22nd, 1882, by 
M. Dauhree on behalf of M. If. Le Chatelier, whosi^ investigations wiu’O 
temporarily susj)ended. This latter savant has pursued his in\'(‘stigations 
by means of the polariscope. He finds on cutting thin sections of Port- 
land cement clinker that the mass is com[)Osed undoubtedly of a variety 
of chemical compounds. It is quite imj)ossible to isolate each of these 
small particles for analysis, but he has been able by synthesis to build up 
from lime, silica, and alumina the dilferent bodies which he recognises as 
forming 2)art of the clinker, and lie has ascertaineil that thc'se substfinces, 
when viewed with polarised light in the niicroscv>pe, are n^ally the com- 
pounds he finds in the clinker. /. 

Principal Substances present in Cement. — Tlie followiijg are 
among the chief bodies present in Portland cement : — 

1. A substance which has no action on polarised light. It consists of 
aluminate of linu^, rich in lime, occasionally mixed with particles of free 
lime. M. Le Chatelier actually produced by artificial means a tricalcium 
aluminate, SCaOjAloOg ; he assured himself that this salt crystallises in 
the cu})ic, consequently 2)olariscoi)ically inactive, system, and that, more- 
over, it is the only j)ossible compound of lime capable of being present in 
cements, besides lime itself, which crystallises in this system. ^ 

2. A substanc'e acting feebly on polarised light aiW presenting a 
clearly-defined crystalline form. This is a silicate of lime. M. Le 
Chatelier perceives in this the chief, if not the only actito, ingredient of 
cements ; this substance always constitutes the princi2)al part and some- 
times the entirety of Portland cements. He btdieves himself in a position 
to affirm that it is a calcareous peridot (lime olivine), 2Ca0,Si02, w'hich, 
?ipon the calcination of the cement, crystallises in the matrix described in 
the next paragraph, when the whole is carried to the point of fusion. 

3. A substance, having a deep brown colour, which acts upon ,polarised 
light. Th^s is tllfe mosff^ fusible of the components of cenVents. It con- 
stitutes in the solid form the gangue of the silicate which has just been 
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described, and yhen melted it is the cause of its crystallisation. It is an 
alumino-ferrite of lime, having less lime than the tricalclum aluminate. 
M. Le Chatelier assigns to it the formula 2 (AFe) 203 , 3 Ca 0 . He was able 
to produce synthetically a compound answering to this formula, and 
found it to possess the optical characteristics and ^e ready fusibility of 
the similar substance present in cement. This material isr slowly acted 
upon by water, and is but little changed during the setting process. 

4. Small crystiils having a very energetic action upon polarised light. 
These are by no means numerous, and undergo iio change upon coming 
in contact with water. These are probably magnesium compounds, since 
M. Le Chatelier has ascertained that all very basic calcareous compounds 
are acted upon by water in contradistinction to those of magnesia. 

Microscopical Investigations upon the Setting Process. — In 
examining the setting action of cements under the microscope by means 
of polarised light, M. L(5 Chatelier discovered that th(i addition of water 
leads to the formation of several different compounds. Of these the most 
importiint, as respt'cts the induration, is a substance which crystallises 
in hexagonal laminie, resembling the crystals of calcium hydrate, but he 
was unable to collect them in suff' lent quantity to determine their 
composition. Whatever it may be, this material is undoubtedly a 
derivative of the calcium ortho-silicate. In quick-setting cements which 
are rich in alumina, there is a copious formation of long acicular crystals 
which interlace in all directions. These crystals, when exposed to dry 
air, become dehydrated and shrink grc'atly in volume ; if heated in water 
to a temperature of 50“ C. they br(»ak up into fragments. They arc*, 
produced by the action of water on tricalcium aluminate, which is slightly 
soluble in pure water, but more so in salt water, in which latter the 
crystals become partly decomposed. It may be the disruption of these 
crystals in certain defective (|ualities of Portland cement which causes 
the failure of the concrete in sea- water. 

The Causes of “Creeping” in Cement Clinker. — In the course 
of his experiments he discovered several other substances which did not 
act upon polarfeed light, but he was unable to find that they played any 
part in the setting process. He, however, ascertained that the calcium 
ortho-silicate before mentioned gave rise to the peculiar action of 
“ creeping,” above alluded to, often noticed during the process of cement 
manufacture. Heated tq the point of fusion and then allowed to cool 
gradually, this, substance at first took the form of a stone-like semi- 
translucent masSj^which, however, crumbles into a powder, com 4 )osed 
of fragments of minute twinned crystals, as it c®ols. This action is 
undoubtedly due to ungual tension on the opposite faces of the twins. 
If the compou?id is less intensely heated the twiAs are Aot formeJ and no 
disruption takes place. 
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Dr, Erdmenger’s Experiments on Clinker that spontaneously 
Disintegrates!— Cement from this clinker although it ultimately hardens 
is always of low strength, ^f the hot clinker is quenched with water, 
disintegration does not take place, and Dr. Erdmenger has shown the 
effect of this treatment on the resulting cement.* Tests were made from 
four samples of cement all containing 61 per cent, of lime. No. 1 was 
from normal clinker which did not disintegrate; No. 2 from overburned 
clinker which disintegrated spontaneously ; No. 3 from similar clinker 
which was cooled by a Stream of watei* iiud remained sound ; and No. 4 
from similar clinker thrown while h^t into cold water which granulated 
it, the granulated clinker being dried before grinding. The following are 
the results in lbs. per square inch, 1 part cement to 3 parts sand ; — 



1 . 

2 . 

3 . 

4 . 

Two days, 

128 0 

64 0 

118-1 

113-8 

Three days, 

l()()-7 

7M 

1.33-7 

142-0 

Seven days, 

24.3-3 

1 1.3-8 

213-4 

246-1 

Twenty-eight days, 

358-5 

195-0 

322-9 

342-8 

'Hirce months, .... 

44-2 -.'> 

239-0 

.398-3 

435-3 


M. Le Chatelier’s Becent Experiments. — The results of M. L(i 
Chatelier’s most recent work in this direction were j)ub]ished in the 
Annates des Mines^ 1887, pp. 388 fiu 412. In addition to a microscopic 
examination of cement, both in the form of clinkei* and aftcir setting 
and hardening in water, he prepared various silicates, aluminates, and 
ferrites of lime by heating mixtures of tlu^ pure materials. Generally 
his conclusions are as follows : — 

The mono-calcium silicate, CaOjfSiO^, is unacted upon by water, and 
can therefore if j)resent contribute nothing to the hardening of cement. 

The *di-calcium silicate, 2Ca0,Si02, obtained -by heating lime and 
silica, forms while hot a hard compact raa.ss, which disintegrates and falls 
to powder on cooling. To the presence of this silicate the above spon- 
taneous disintegration of clinker when taken hot from the kiln is 
attributed. 

The tri-calcium silicate, 3CaO, SiO^, is the one to which the hardening 
of Portland cement is due. This cannot be prepared by direct fusion of 
its constituents, but may be produced indirectly by fusing lime with a 
silicate. 

< The three aluminates CaO,Al20g, 2 Ca 0 ,Al 203 , ^Ca 0 ,Al 203 , all set 
with water, and thus it is to their presence that the initial setting of 
<;ement as distinguished from its ultimateiihardeying is due. » 

The ferrites corresponding to the aluminates in which the alumina 

* Thmina. Zeit.y 1893, vol. xvii., p. 238. 
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is Feplacod by> ferric oxide slake on the addition of water and do 
not set. 

On these results Le Chatelier based the formula, we have already 
given, for calculating the proportion of lime to silica and alumina taken 
together in Portland cement, any magnesia present being considered as 
equivalent to lime. 

Messrs. S. B. and W. B. Newberry’s Experiments on the Con- 
stitution of Hydraulic Cements. — ^The results of these experiments 
were communicated to the New York section of the Society of Chemical 
Industry.* Working by synthesis with pure materials in an extremely 
fine state of division, very perfect mixtures of known composition were 
made of carbonate of lime with silica, alumina, oxide of iron, and mag- 
nesia resp(^ctively, which were burned in a Fletcher gas furnace with 
gasoline gas. A quantity of about 300 grammes of the mixture was 
token for each experiment, the resulting pi-oducts being ground and 
gauged with water; the hardening properties were then noted, and the 
soundness or constancy of volume wm determined by the hot water test. 
Messrs. N(iwb(n‘ry obtained the tri-calcium silicate, 3CaO,SiO^„ by direct 
union of lime and silica which Le Chcttelier failed to produce in this way, 
'J’hey also found that the tri-calcium aluminate, 3CaO,Al2()3, when 
powdered and mixed with water cracked after setting, and entirely disin- 
t(}grated when placed in water. The general conclusions arrived at by 
them wei'e as follows : — 

1. “The (essential constituents of Portland cement are tri-calciura 
siliciite with var}dng proportions of di-adcium aluminate. This com- 
position may therefore be expressed by the formula X(3Ca0,Si02) + 
Y(2CaO,Al2() j). From this formula it may be calculated that the correct 
})roportion of lime, by weight, in Portland cement, is 2*8 times the silica 
pZws 1*1 times the alumina.” 

2. “ Iron oxide combines with lime at a high temperature, and acts 
like alumina in promoting the combination of silica and lime. For 
practical ^jurposes, however, the presence of iron oxide in a clay need not 
be considered*!! calculating the proportion of lime required.” 

3. “ Alkalies, so far as indicated by the behaviour of soda, are of no 
value in promoting the combination of lime and silica, and probably play 
no part in the formation of cement.” 

4. “ Magnesia, thougii po.ssessing marked hydraulic properties when 
ignited alone, "yields no hydraulic products when heated with silica, 
alumina, oi* clay, end probably plays no part in the forbiation of cdhient. 
It is incapable of replacing Jime in cement mixtures, the composition of 
which sltouW^e calculated on* the basis of the l^me onjy, wit^oi*t regard 
to thy magnesia present.” 

* Joum. Soc. of Chem. Ind.^ vol. xvi.,*1897, pp. 887 to 894. 
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We may now proceed to treat of the practical processes of manu- 
facture. 

Calcination in the Open Kiln. — This was the type of kiln originally 
employed, and its design was evidently based upon that of the lime kiln, 
but in addition it v'as surmounted by a tapering chimney or cone to 
increase tS'e draught. The capacity generally varies from 20 to 30 tons 
of burned material, the larger size being slightly more economical of fuel. 
The bottom is provided with a grate of loose bars, upon which alternate 
layers of coke and dry raw material are laid until the kiln is filled. It is 
then lighted, allowed to burn off, and when cold the charge is withdrawn. 
While extravagttiit as regards the item of fuel consumption, this type of 
kiln produces clinker of excellent quality. The results of some of our 
own experiments to determine the exact weight of fuel used per ton of 
clinker burned in open kilns of 20 tons capacity wore as follows: — The 
material burned was wet process slurry, wtdl dried on flats. It contained 
76 per cent, of carbonate of lime, was of uniform composition, and as it 
left the wash-mill was of such fineness that it entirely passed through a 
test-sieve having 10,000 meshes to the square inch. It was specially 
well dried for these trials, and was found on the mean of several deter- 
minations to contain 2 per cent, of wato only. The coke also was fairly 
dry. Pieces of moderate size were employed, except in the bottoms, for 
which larger lumj>s were picked out. Five brushwood faggots wer(‘ 
used in each case to start the fire«^f In kilns Nos. 3 and 7 all the 
materials were accurately weighed in and the product was weighed out. 

The weight of coke was in No. 3 kiln — 


In bottom on faggots, . 

0 tons 

7 cwts. 

1 (^r. 

24 11)5. 

In layers interstratified, 

. 7 „ 

4 „ 

0 n 

20 „ 

On top of kiln, 

0 „ 

7 „ 

0 „ 

0 „ 

Total, 

. 7 tons 

18 cwts. 

' 2 qrs. 

16 lbs. 


This kiln yielded 19 tons 2 cwts. 2 qrs. of good clinker, ar.d 6 cwts. 
3 qrs. of yellow ; and, therefore, to produce 1 ton of clrfiker, the coke 
required was 8 cwts. 1 qr. 5 lbs. As the mean of repeated observations, 
50 bushels of gas coke fresh from the works weigh 21 cwts., and, there- 
fore, 8 cwts. 1 qr. 5 lbs. are equal approximately to 19| bushels. The 
coke cost 2Jd. per bushel, and, therefore, the cost of the coke for burning 

1 ton of cement was almost exactly 4s. 

' Iii No. 7 kild, with the same careful observationc, 7 tons 17 cwts. 

2 qfs. 16 lbs. of coke produced 19 tons 7 cwts. ? qrs. of clinker, and 
2 cwts. J (]^r. 12 lbs. of yellow ; the coke used per ton of clinker was thus 
8 cwts. 15 lbs., say, 19|^ Sushels, costing about 4s., as before. 

* In a third trial, the weights in which were arrived at by an average, 
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each ton of blinker needed 18-66 bushels of coke, or, say, 3s. lid. per ton, 
for the fuel for burning. 

The Closed Kiln. — Open kilns are now rarely employed. "^Vhile 
the shape of the burning portion remains practically unchanged, the open 
tops are dispensed with, the products of combustion being by various 
arrangements made to dry sufficient material for the succeeding charge. 
Kilns of this type are in very general use in this country for dealing with 
the slurry of the wet process, which is lifted and distributed by pumps 
upon the floors of the drying chambers. Some of those most generally 
employed will be briefly described. 

The Johnson Chambers. — The plan patented by Mr. Johnson 
consists merely in the addition to the kiln, at or about the top level of 
the cup-shaped portion, of an arched chamber of the same width as the 
kiln, and of such a length that the floor area will hold enough of the wet 
slip to serve when dry as the charge of the next kiln. As will be seen 
from our illustration (Fig. 32) this chamber is simply a short tunnel, 
interposed between the kiln and the chimney, and each chamber may be 
from 12 to 14 feet in width by from 80 to 100 feet in length. The 
dimensions will depend upon the size of the kiln and the height of the 
chimney. The floor is slightly inclined, falling towards the kiln, so that 
the stratum of slurry may be deepest where the greatest heat is found in 
the vicinity of the kiln ; the depth of the layer of slurry may vary from 
10 to 12 inches, close to the kiln, to about 3 or 4 inches at the far end of 
the chamber. The use of these chambers involves a considerable extra 
chimney power, and lofty chimneys must be erected to produce the 
best results. 

Sulphur Deposits on Surface of Slurry. — An objection which 
has been raised against this plan is that with some descriptions of slurry 
there is a very considerable deix)sit of solid particles, chiefly sulphur com- 
pounds, upon the surface of the matters in the chambers. The hot gases 
passing out of the kiln are condensed when they come in contact with the 
cold slurfy, and we have seen in some cases the whole surface heavily 
coated with su*h a deposit. The best answer to this objection is that no 
permanent in j ivy is caused to the resultant cement, as nearly all this 
matter will again sublime when it comes into the kiln, and is exposed to 
the full heat during the process of burning. 

fuel used with Johnson’s Chambers. — As compared with our 
own experimenCs with open kilns we may place the facts kindly com- 
municated by Mr.* Johnson on this subject. He states that the c^st of 
fuel for the drying ci the slip into slurry, and used in the kilns on his 
system, amoui^ts to 6s. ^d. pef ton of the finis];ied ctynent. ^£»to our 
figure^i we add Is. per ton for the cost of fuel required to dry the slurry, 
we obtain an estimate which compares fairly well with that of Mr, 
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Johnson. But Mr. Johnson’s totals, ^based on the working under the old 
system of kilns of large size, partly fired with gas coke, but in the main 
(to the extent of two-thirds) with coke made in ov ens beneath the drying 
floors^ show a much larger cost. He estimates tlie expense of the gas 
coke and oven coke fq** burning 133 tons of cement clinker as follows : — 

50 chaldrons of coke-oven coke, at IGs. lOd. per chaldron, £42 1 8 
25 „ gas coke, at 10s. 6d. per chaldron, . . 13 2 6 

' £55 4 2 


Or the cost per*i ton equals nearly 8s. 4d. Of course, this includes also 
the cost of drying the slip over the coke ovens. 

Gibbons’ Patent Chambers. — In a plan of drying patented by 
Mr. R. A. Gibbons, which is shown in the accompanying illustration 
(Fig. 33), the hot gases from the kiln pass both under and over the 
substances to be dried, and by this means it is claimed that a larger 
amount of heating surface is obtained, and the sublimed sulphur com- 
pounds are less liable to be deposited on the top of the slurry. Two or 
more chambers are employed, which are used alternately, the heat passing 
both under and over the matei’ial to be dried. 

Michele’s Chambers. — In a somewhat similar way Mr. V. de 
Michele uses the exterior surfaces of the arches, as|‘ well as the floor of 
the chambers, for drying the slurry .^or this purpose the arches are very 
lightly constructed, and, as will be seen from our illustration (Fig, 34), 
which gives a section through a series of chambers, they have a roof 
above them to protect them from the wemther, so that an additional 
quantity of the I’aw material may be dried on the top of the chambers. 
It is necessary, however, to spread the slurry on these arched surfaces by 
hand, and this must, we think, entail a considerable amount of labour. 

The Batchelor Kiln. — This is shown in Fig. 35. At the back of 
the burning portion two or three arched chambers are arranged, one 
above the other. The products of combustion pass into and 'circulate 
through the chambers, and are finally discharged into a chimney at the ‘ 
rear end of the kiln, one powerful chininey frequently serving for a block 
or group of kilns. The slurry is contained in the spaces between the 
arches covering the uppermost chamber, from which it is admitted to 
the floors by passages. This kiln may be lit as {^on as it is charged, the 
covering of the floors going on during the early stage of burning when 
littl§ feeat is passiiig off. 

Drying Chambert for Raw Material in tbeeform of Bricks. — 

When t^e cement compound is made intd brickV. or blocl^s,'th^ drying 
chambers attached to the kilns on the plan arranged by ourselves, and 
shown in the illustration (Fig^ 36), may be used with considerable ad van- 
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Fig. 34. — Michele’s Patent Chambers. 
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tage. It w'll seen that, in this invention, the chambers are rectangular 
in form, and are placed alongside the kilns at such a Iev51 as to be most 




con^^nient for the loading operations. The kilns, which are of the usual 
type, with a conical chimney, are burnt in*the ordinary way with inter- 


156 


CALCAREOUS CEMENTS. 


stratified fuel. The orifice of the cone is provided with ^ a damper, and 
when the charge is in full fire and the combustion is nearly completed, 
the upper damper is closed, and the dampers in connection with the 
underground flues leading to a lofty chimney are raised. By this means 
the hot gases from the kiln are drawn through the chamber, passing 
downwards'^iiJ special flues, constructed in the contents, to orifices in the 
floors of the drying chamber, which will be seen in the section at A B. 
The heat of the kiln in cooling is found in practice to be amply suflicient 
to dry the contents of the chamber, which may conveniently be semi-dry 
bricks produced by means of any of the machines at present employed for 
the manufacture of bricks of this kind. The size of the chamber is calcu- 
lated to furnish a full charge for the kiln, and there are suitable openings 
both for filling the chamber and for loading the kiln. It v ill be ex- 
pedient in arranging for the use of chambers of this kind, which arc very 
econojiiical in working, to place the brick machines at such a level that 
the bricks, as soon as they an? pressed, can be wheeled into the chamber, 
and stacked in position. 

The Gases evolved from Cement Kilns. — In certain localities 
where cement works have been established in the midst of a residential 
population, and where kilns arcj used of the type previously employed, 
the fumes evolved during the procc.ss of burning the cement, and the 
smoke from the drying floors and chimneys, have caused more or less 
nuisance, and ha^’e been objected hi by the inhabitants. It may, there- 
fore, be as well to consider briefly the grounds for these complaints, 
and to show how these evils may best be avoided or mitigated. In 
this enquiry we cannot do better than avail ourselves largely of the 
able report by Mr. A. Blaikie on “Cement Works in Kent,” which 
will be found in the Twentieth Annual Ue^mt on Alkali ^ dcc.y Works 
for the Year 1883. The inspector states uhat “for the purpose of 
ascertaining the character of the kiln ga.ses emitted, and of tracing any 
changes that might take place in them from day to day as the kiln 
burnt out, a number of analyses were made of washings of gases taken 
both from the tops of open kilns and from the flues or chambers of 
close kilns.” He points out that “ the usual time requirtjd for burning 
out a large kiln is from three to four days. On the first day a 
white vapv)ur is given olf, which consists practically of nothing but 
moisture, almost no solid matter or smell beirg present. It is, how- 
ever, in some states of the weather, very dense. On the second day, 
a* heat gets tip, the smell is often rank and offeusive; a smell of 
burning organic matter is given off by the alij, and there is also 
some stnjpll from the coke. This vapour ds whiie and very heavy; it 
contains a quantity of solid matter, and is usually slightly alkaline, as 
• the gases from the fire passirfg through the upper layers of dried slip are 
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neutralised and carry away fine particles of chalk. On the third ^ay^ 
sometimes not till the fourth, the kiln is at its greatest heat and beginning 
to burn out, the vapour being very much lighter and less dense. It has 
much less smell than the vapour on the second day, but contains niuch 
more volatile matter, chiefly chlorides and sulphate^ of the alkalies, and 
it has been found that the quantity of chlorides in the w^i^ihfngs always 
increases with the increase of solid matter. The sodium chloride is 
derived from the water used in preparing the slip, which, as a rule, is 
very salt, and the potassium is prol)ably liberated from the clay (which 
contains about 0-6 per cent.) by the action of the chalk. During the 
later stages the amount of the carbonic oxide is large, and to those close 
by, and inhaling it, poisonous. The gases are also slightly (in most cases 
very slightly) acid.” Mr. Blaikie shows that the nuisances is generally 
more acute in the case of the common open kilns than in those which are 
provided with a chamber on the Johnson system, or which discharge 
their gases into flues for drying the slurry on various principles which he 
describes — the plans of Messrs. Burg(‘, White & Glover, and Margetts. 
In all these latter kilns there must of necessity be a lofty chimney, which 
Ciiuses the gases to be diluted and <Usi>erse<l. He traces no evil effects on 
vegetation arising from the fumes caused by cement works, but he says : — 
“ Near one works, some years ago, there was a fine group of elm trees, 
and these have all been killed since the coke ovens were erected.” He 
notices, on the other hand, the beneficial effects of these works in causing 
the disappeai’ance of ague, though we think it is more than doubtful 
whether there is any connection between the manufacture of (jement and 
the gradual decrease in the prevalence of this disorder. It is often stilted 
that the vapours and fumes evolved from lime kilns have a good effect 
upon phthisic and consumptive patients, but we have never seen any 
statistics which can be quoted in support of either of these allegations. 

Shaft Kilns. — The kilns previously considered have been entirely of 
the intermittent type, the products of combustion from the open kilna 
being wasted, those from chamber kilns being employed to dry the slurry 
for the succ^ding charge. The consumption of coke is about the same 
in both cases, but it is occasionally liigher in close than in open kilns, this 
being due to restricted draught. At an early period of the Portland 
cement industry, attempts were made to burn the open kiln continuously, 
clmker being drawn from the bottom at intervals, while, as the charge 
consequently lowered, dry slurry and coke were added at the top. Thus 
the waste gases assisted in the calcination of the dry Slurry, whicl% jv<rs 
thrown (m as soon a» the fire showed signs of coming through the upper- 
most layers of the contents the proportion of coke to slur^ being 
considerably less than if the kiln was burned intermittently. Although 
a saving of fuel was effected by this metltod, it met with only partial 
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success. The shape of the kiln, brbad and low and contracted at its 
lower portion,' was unsuitable. If, as was often the case, the clinker 
melted to the walls of the tiln and hung up or bridged, it was generally 
found necessary to allow it to cool down, and to empty and re-start the 
kiln. These difficulties would without doubt ha^-e been at that time 
surmounted, 'but, with the introduction of chamber kilns, continuous 
burning offered no inducement to manufacturei*s by the wet process. As 
a set-off to the saving of fuel in the kiln, the slurry had to be dried 
independently of it, anl'i in the fatic of the expense of the fuel for this 
process, and for the labour required for handling, it was found less costly 
to burn the exti'a fuel in the kilns and to move the slurry by pumping. 
The high and increasing cost of gas coke, and the introduction of im- 
proved methods of drying, have during recent years wiused a considerable 
amount of attention, principally by foreign inventors, to the construction 
of vertical continuous kilns, which, from their comparatively small 
diameter combined with great height, are frequently called shaft kilns. 
'J'hey are employed to a considerable extent on the Continent and in 
many other parts of the world. For the dry process they are without 
doubt the best form of fixed kiln that can be used, especially if semi-dry 
bricks are made from the raw material. In many cases such bi’icks 
may go direct from the machine to the kiln, while, if the type of kiln 
does not admit of the use of damp bricks, the cost of drying them 
is small. For the wet process, the cost of laboui* for drying and handling 
the slurry must always be a drawback to their use in this country. Any 
kilns of this type will work best if the raw material is moulded into 
the form of bricks or blocks. Some of the most important will now be 
described. 

The Dietzsch Kiln. — The value of this form of kiln for burning 
}\)i-tland cement has been amply demonstrated, and with careful manage- 
inont it has been proved to be very economical in fuel. The kiln may be 
described as consisting of four sections ; — First, at the base is a cooling 
chamber for the reception of the clinker after it has been calcined in the 
firing chamber, which forms the second section or middle z6nc qf the kiln. 
Above this chamber is a level hearth where the fuel is mixed with the 
raw material, constituting the third section, and above this hearth is the 
smoking or heating chamber where the supply of raw material is being 
gradually heated by the waste gases from the filing. This is the fourth 
section of the kiln. The arrangement will be und(‘istood from the 
(Kaguam (Fig. 37),Vhich illustrates two kilns, built backdto back; one being 
shown in section, the ‘'other in elevation. Here A ir the smokipg or pre- 
heating phamber, into which the raw cement misrture is charged through 
the doors situated at E. As all the waste heat of the kiln passes tbjfough 
this* chamber to reach the chhnney above it, the material becomes heated 
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to redness before reaoMng the heaxtii B. The fuel-Asmall coal of ^od 
quality — ^is introduced through the furnace doors, F, ant. the matejial 
/rom B is transferred to the calcining portio^ 0. The a lciiied raateral, 



often^fter having given up the greater part of its heat in 1) to the air 
which enters beneath, is drawn out at regular intervals at the bars or 




160 


CALCAKEOUS CEMENTS. 


op^iings, II, and the operation 
of C sink. It is claimed that 

f ■ 



^ • •• • 

weight of the coal needed is but 
weight of the finished cement. In * 


of enlarging is repeated as the contents 
in this kiln 3 cwts. of small bituminous 
or coking coal will bum 1 ton of, 
cement, and, if well managed, there 
should be no visible smoke. Accor- 
ding to the size, the output from a 
double kiln may vary from 20 to 
30 tons in the twenty-four hours. 

The Aalborg Kiln, patented by 
Messrs, F. L. Smidth & Co., of 
Copenhagen, is a shaft kiln in which 
the clinkering zone is greatly con- 
tracted. It consists therefore of an 
upper heating chamber of the full 
width of the shaft, a central com- 
bustion chamber of reduced dia- 
meter, and below this a cooling 
chamber, which is again widened 
out to the full diameter of the shaft. 
This lower chamber is slightly coni- 
cal in section with the larger dia- 
meter downwards, so as to facilitate 
the removal of the clinker. The 
constructive details have been care- 
fully considered, thus the conical 
chimney is carried on the outer 
wall of the kiln, and the fire-brick 
lining is built quite independently, 
.so as to enable the latter to be 
renewed from time to time when 
necessary for repairs. As will be 
seen from the section. Fig. 38, the 
openings for the intrdbuction of the 
fuel are placed at intervals round 
the kiln, and slant downwards so 
as to deliver the coal below the 
clinkering ^zone. The firing holes, 
when not in use, ^’e closed with 
iron covers. In this kiln Portland 
cement is suioessfully bi^rnt with 
coal filone,'tt<nd it is s|atfed that the 
from 12 to 15 per cent, of the 
t kiln of this description, which will 
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yield 100 tons of clinker weekly! the stfjif of woi’kmen necess^-y is 
extremely small, and the fuel consumption, hi view of tlTe fact that coal 
takes the place of coke, is veiy moderate# The firebrick lining^^ ill 
' need to be renewed every alternate year. The clinker, when it has 
cooled down in the lower chamber, is removed by^dropping tl.e firelxirs 
in the ordinary way. * ^ 

The Schneider Kiln. — This kiln has recent’/ attracted much atten- 
tion in this country. The upper heating chambeu' is fairly capacious, but 
the hot zone is relatively small and it should nt^ extend over more than 
5 or () feet of the total height. Croat care is taken to protect the fire- 
brick lining by the use of a specially contrived filling rir^, which enables 
the burner to surround the raw material with a protective belt of liiK'ly- 
broken sluriy or raw Hour, about 2 inches in thickness. The fuel ust'd is 
coke, and the kiln is fed with small quantities at fre(iuent intervals, 
'fliis kiln is both (‘asy to work and v(‘ry economical in fuel. A large 
number of such kilns have been ereci(‘d on tlu^ Continent. The j’i('Id of 
clinker may vary from 10 to 12 tons px'r day, and the coke retjuired 
will run from 28 to 38 cwts. for this quantity. 3’he Schneider kiln is 
not a very expensive one to build, and tlie cost of repaij’s is relatively 
triHing. It is in use in this country for burning cement bricks made 
by the semi-dry process, which may bo put into tlie kilns direct from the 
machines, and in some works which use the wet process such kilns are 
employed for burning surplus slurry from the chambers of th(‘ close kilns. 

The Hauenschild Kiln. — This kiln, which has undergoiK'. many 
modifications since it was fir.st introduced, consists in its more recent 
develoi)ment of a cylindrical shaft which is not sensibly contracted except 
just a})ON'(^ the hot zone, where there is a slight upward contraction 
towards the ujq)er heating chamber. At the base* of the .shaft is a fire- 
grate of spec'ial constiaiction which is accessible fr-om all the four (quarters 
of the kiln, and the top of the shaft is fitted with a danqx'r or close-fitting 
cover wdiich can Ik- rtunoved at will and affords the means of inspecting 
the progress of the calcination process. In the first design the kiln was 
provided witfii a cone or hood, in which w'ere four chaiging doors for 
loading purposes. In modern practice a horizontal flue in the heating 
chamber leads into a central chimney Avhich will serve for a group of 
kilns placed round it. In order to avoid inequalities in the draught, 
the inventor specifies the use of air under pressure. The mixed coke 
aSS slurry, th^ latter being moulded into hollow prisms, are fed in at 
intervals at the Jop by lifting the covers. It is staffed that tln^i^l 
required for this kilr^will be from 16 '5 to 18 per t*ent. of the w^eight of 
the calcined clinkei’. like inqplded slurry and the use of powdered lime 
round the w'%,lls of the kiln* is said to prevdlit the* adheston of the 
clinker to the firebrick. 


11 
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xhe Hotop Kiln. — This kiln veiy closely resembles tlmt invented by 
llauenscliild. '"it is circular in plan and may be from 40 to 45 feet in 



Th0'‘flotop aviln — 
Sectional View. 


heii,dit. The top is arched over, 
but it contains an 0 })ening in the 
c(‘ntre for the (^scaj)O of the gases, 
which pass out thence into the 
(•himney, either built above each 
kiln, or arranged, as in the case of 
Hauenschild’s patent, to serve for 
a grou}) of kilns. At the base of 
the kiln is a basket-shaped fire- 
grate, contract'd into a cential 
cylindrical ring through which the 
clinker can be withdrawn. This 
arrang('ment ju'c vents the bridging 
of the clinker, which freiiuently 
causes trouble when the draw-holes 
ai*e situated at the sid(is, and 
which sometimes so far prevents the 
pi'oper descent of the kiln-cjon tents 
that the kiln has to be cook'd down 
and eiujdied. Tt is always found 
that the centn* of the kiln is the 
hottest part, and this jdan of with- 
drawing the clinker constitutes an 
important improvement. In all 
other respects the management and 
working of the kiln is identical with 
that of th(^ shaft kilns previously 
( I escribed . Th e g(*n eral arrangem ent 
will bo understood by reh'rence 
to the diagram (Fig. 39). The dried 
bricks or slurry, togeJier with the 
m|uisite amount of coke, are fed in 
at the side through openings pro- 
vided for th(^ pui'pose, and the burnt 
clinker is removed through the 
centre of the fire-gtate. The time 
required for the charge to pass 
through the kiln is, undei^ ordinary 
conditions,' .about thuty-six hours. 
Six tons of burnt clinker need 1 
ton of coke and the yield is from 
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12 to 14 tons per diem. A special rfatu>*e of the kiln is tl^e contrivance 
for preventing the adhesion of the semi-fus 'd clinker to tlie firebrick 
hiiing. J ust above tlie hot zone is a ring cn perforated firebricks with 
small openings through which iron nozzles project into the kiln. l»hose 
nozzles are su})plied with water, under pressure, tfrom a ^ pipe, which 
surrounds the kiln, and by this means a stream of cold water can 
be turned on at any time and can ])e used to cool down the lining. 
Another advantage of this aiTangenient is that the* steam which is 
thus produced lenders the outer part of the clinker adjoining the 
wall of the kiln more friable and jiorous and thus facilitates the 
emptying jirocess * 

The Stein Ribbed Kiln. — This kiln differs fi’om the other shaft 
kilns which we have prex iously described, in that it consists entirely of 
iron, built u]) in a series of ihigs. ^he cast-iron blocks which compose the 
rings are provided with ribs or webs on the exterior, and these ai'e used 
with a threefold objc'ct — first, in order to strengthen the shaft ; second, 
to preA’(*nt the dishirtion likely to arise* in the hot zone, owing to the 
gr(*at heat ; and third, to avoid the clinging of the kiln contents to the 
lining, in ct)nse<]uence of tin* ])artial fusion of the clinker. The shaft, or 
kiln pro])(']*, rests on four piers of masonry which are unitcMl in pairs by 
means of cross walls to half th(*ir height. These piers are further stiffened 
and tied together by joists, angle irons, and cross ti(*s. Aliove them is 
the iron bed-plate which serves as th(^ foundation of the shaft, and on 
this is erected the superstructure consisting of cast-iron curved rings, 
which are eadi kejit in place by a small projecting fillet on the inner edge 
and these segments k(5y one into the other. They are maintained in 
position also by theii* own weight, which is v(‘ry considerabh*, and the 
joints are i\*nd('red tight by a coating of slui'ry. The rings are each 
1 foot 8 inches in height, and the diam(*ter of the kiln is made either 
6 feet 7 inches oi* 8 feet 2 inches. The height of the former kiln being 
2.3 feet ami of the latter 29 feet 0 inches. Above the uppermost ring is 
a conical hood formed of stout sheet iron, and this is provided with three 
or four fe(*.diifJ-holes, fittefl with doors or shutters. Above the hood is 
the chimney, wdiich is likewise fornuid of sheet iron, and which must equ/il 
in height the body of the kiln. The chimney should have a diameter 
varying from 2 feet 3 inches to 3 fe<‘t 3 inches, in accordance with 
tl^;,size of the kiln. The top of the chimney is fitted with a damper 
in order to regiTlate the draught. In its action this l^ln is, of course, 
continuous, and iff is claimed for it that it entiri^ly prevents all 
dency in ^e clinker fb adhere to the sides or walls, and that it can be 
worked witlf (^traordin^y regfblarity. It has b^en st£^ed thafc kiln of 
this kind has been run for nine months continuously without inter- 
ruption of any kind. * 
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^he yield of a kiln, 8 feet 2 incke.s in diameter, fed with half bricks 
which burn more readily than whole ones, is stated to be 16 tons jier diem. 

A special form of baskc -grate has been designed, also, for this kiln 
whiqh renders the operation of drawing extremely simple. Though 
the iron kilns are .said to have given such excellent results abroad, 
some kilns on this principle, which have come under the autliors’ obser- 
vation have not proved altogether successful, and it is evident that 
great care and skill ai’e needed to burn thorn with satisfactory results. 

The Hofiftnann Kiln, which was originally introduced for the burn- 
ing of bricks, has been employed, chiefly on the Continent, with complete 
success, for the’ production of Portland cement clinker. Tn this countiy, 
although it has, as already stated, been from tiim; to time us(‘d by Port- 
land cement manufacturers, and has been subjected to lengthy trial, it 
has, so far as w(i know, never achieved satisfactory results. It consists 
of an arched tunnel-sha})ed firing chamber, which may be circular or 
oval on plan, or may consist of two parallel tunnels joined by moans 
of semi-circular ends, so as to jiroduce an endless kiln, capable of being 
subdivided into a series of compartments of nearly equal size by means of 
cross partitions of a temporary character, which may consist of removable 
iron screens. Prom ('ach of these divisions or cells, flues an’ formed to a 
central smoke chand)(;r surrounding the lofty chimney. 44iesi‘ flues are all 
of them furnished with dampers, which can be closi'd wholly or partly" in 
order to regulate the draught, ^e cells have each an (‘xternal opi’inng 
in the outer wall of the kiln for loading and unloading, and for the 
introduction of the above metal screens or partitions. Tn lieu of wrought 
iron, it has been for some timi* past customary to form thesi' screens of 
paper, as they are fixed in the cool part of the kiln, and serve their 
purpose for turning the drauglit until the heat reaches them. Each cell 
of the kiln is the space enclosed between b'^o such temporary partitions, 
and the complete kiln may thus consist of froili 12 to 20 chambers. 
When a chamber has been filled with the damp j)ressed bricks or blocks 
of slurry, the doorway in the outer wall is carefully built up and plas- 
tered (.»ver with loam or slurry to render it air-tight. kilns of this 
description, employed for burning cement, each of the chambers is 
bounded by an arched division, the crown of which is consiiierably below 
the top of the arch of the kiln. This mode of construction is essential 
because of the great amount of contraction which takes place in the 
cement bricks during the progress of firing. Tliese arfthes tend, there- , 
to drive tlie flames downwards and towards the centre of the 
tunnel, in lieu of passing along above the contents of the k^n, in the 
vacant ^pace caused just below the crown of tbd'*tunnel in ^consequence of 
the sinkage in the clinker. v 

As an additional safegultrd, it is found advisable in Portland cement 
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kiln.s to coUrivc openings in the .•roKvj. of the tunnef, adjacent to eaA of 
t]>e.se dividing arches, so that ar additional charge of bricks or blocks 
.mingled with fuel, can he thrown in during^the progres.s of the firim' in 
order U> compensate for this sinking, and to bring the kiln charge ji’^ht 
up to the top ot the tunnel. In a well-managed ki^i it becomes po.ssi'ble 
by this means to increase the output some 15 per cent, at the cost of a 
comparatively small increa.scd quantity 01 fuel. This kiln is illustrated 
in hig. 40. .Some manufacturers u.se two cro,s.s-arches in each chamber 
I n burning Portland cement, it is nece.s.sary to ‘employ a very powerful 
draught, and experience has shown that two exits to the chimney .should 
>0 provided, both on the inner and outer .side of each of the chambers as 
Will be seen in the section at X X. ’ 

The bricks arc .so placed in the chambers as to form continuous flues 
for the pa.s.sage of the fire through the ma.s.s, and numerous openings in 
the crown of the kiln .seen at Y Y serve for the introduction of the fuel 
which IS small coal or breeze mixed with coal. TJ.e lire passes round and 
lound the kiln in the direction of the draught, and great care and atten- 
tion must ki paid to the feeding of fuel and the management of the 
dampei^, by means of which the d.aught is regulated. .Some manufac- 
turers have been successful in using the Hoffmann kiln with coal alone • 
indeed it is stated that a kiln at Marseilles is fired with brown coal’ 
Under each of the openings in the vault of the tunnel, it is needful that 
vertical shafts should lead down to the channels left in the bricks for the 
pissap, of the products of combustion, and, as the contents of the kiln 
shrink together in the progre.ss of the firing, there is a great risk of the 
col apse ot tlie.se .shafts, or else of the horizontal dues beneath. It is as 
we I to make use of fairly dry bricks or blocks in loading these kilns 
and therefore it is usual to subject these bricks to a preliminary dryimr 
process; but it is quite possible, with care, to wheel the bricks Lm the 
senii-dry presses at once to the chambers, in which state they conUin as 
much as JO per cent, of water. The heat given out by the clinker in 
LOO mg IS uiwd to ilry and warm up the green bricks, and owing to the 
very complef* utih«ition of the, products of combustion, it will readily be 
T sy.stem of burning is a very economical one. Kilns 

ot this type were used more than forty years ago by Messrs. Dyckerhoff 
I . ons on t e Ithiiie, near Hiebrich, and the firm still employ six Hoff- 
^n kilms, with an oikput of about 100,000 tons of cement annually. 

t the presenf time the annular kilns are used at a large number of 
f“ent works m ‘Germany, Austria, Prance, Switzerland, and ev«,^n 

iroc“o7 i The avei-age yield per kiln amounts to about 

16 0C0 ton.f Hpr aiinumfbut j^e output depenejp very, largelv ,pon the 
.kill of the buioier, and the speed with which tL fir^is Srive^rouni 
It IS usuax to work at the rate of filling oSe chamber every day, which 
implies, of course^ the empty.ing of a second chamber. 




REVOLVING OR ROTARY KILNS. 


167 


CHAPTER XII. 

THE CALCINATION OF THE CEMENT MIXTURE-REVOLVING 
OR ROTARY KILNS. 

• 

Contents. — The Rotary System of Cramptou — Ransome’s Rotary Kiln — Stokes’ 
Rotary Kiln — Rotary Kiln in America — Ransome’s American Patent — The 
Hurry & Seaman Rotary Kiln — Newberry’s use of Rofary Kiln for Wet 
Process — Regenerating Process — The Modern Rotary Kiln — The Lining of 
Rotary Kilns — Fuel in Rotary Kilns — Coal Grinding — Clinker Cooling 
Systems — Clinker Coolers — Shaking Coolers — Fuel Consumption and Output. 

The Rotary System of Crampton. — The proposal to employ a revolving 
furnace for the calcination of Porthand ceimuit originated in this country 
with Mr. T. 11. Crampton, who obtained a patent for his process in 1877. 
The furiia{;e v^as filled by powdered fuel injected by conipresscul air, but it 
does not seem to have been commercially employed, although at this time 
revolving furnaces wert; in use in the alkali manufacture, and had been 
patented by Siemens in 1869. 

Bansome’s Rotary Kiln. — In May, 1885, Mr. Frederick Uansome 
pabmted a rotary kiln for burning cement, which achieved some m(‘asure 
of success, and which was undoubtedly the forerunner of the modern 
im})roved system of burning in revolving kilns. The Ransome kiln eon- 
sisb'd of an inclim'd cylindricM furnace, about 25 feet in length, which 
^\as (jaiTied on roller bt'arings, and was caused to rotate by means of 
worm-gearing. Tb(‘ firebrick lining had a series of projecting courses, 
so arranged as to form longitudinal ridges. The po\\ dered raw material 
was fed in by means of a hopper at the upper end, and travelled slowly 
do^A’rl fch^ furnace, being turned over and over th(‘ constant revolutions 
of the kiln, moi*(V)ver it was caught up and made to fall across the 
cylinder by the presence of thes^ internal projections. The firing was 
eftected by means of producer-gas, which entered the kiln at the 
opposite end, and produced large volumes of flame. The cement 
materials, as they passed forward, were gradually h(‘ated to the 
‘'-riinkering stage, and 'ultimately fell into a pit situated beneath the 
lowest part of the cylinder. The inventor proposed ^ burn the cement 
in the form of a fine powder, and by this means to dispemse witTl’’^he 
subsequiint grinding, ^is aim was not alone to secure economy in the 
use of fuel, %ut he also ho|Rid by preliminary grin«|jng anil lifting of 
the powdered slurry to turn out a fiiyshed Portland cement. He 
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enti^^-oly failed to ft'visp the fact tlfit, in order to i)roducc a suibible 
clinker, it was neeessai y to reach tin* stage of incipient fusion, and, in 
its Jfassagi' through tlu‘ kil?^ the finely-ground cement materials caked 
togethei* and ;idher('d in a sticky mass to the linings. This caking 
of the clinker prov(‘d the ruin of the process, though Mr. Kansomo 
had otlj(?r cditticul til's to contend A\ ith. Jt Avas found, also, that the 
finely-dividi'd cement material was carried by the draught right out 
of till' kiln, and had to be intei-cepted at the exit end and returned to 
the fei'ding ho})iH'r. Thi' use of ])roducer-gas, without a regenerator, 
failed to yield the requisite sti'ady temperature for tlu^ calcination 
proei'.ss, and A\hen a ri'gimei'ator was added, it speedily became clogged 
with the cement powder, cariii'd away into it by the draught. The 
cement mixture had to hi' highly limed, and this resultiid in a very 
quick-setting cement, and, owing to the shortness of the tube, it Avas 
impossible to utilisii the full heating value of the fuel. The Avoiking of 
the kiln AA’as, moreover, constantly interrupted by the balling of the 
clinki']*, As hich collected into lumps and cakt's, and stuck, as we liaA^i^ seen, 
to th(^ linings of the hot zone of tbi' cylinder. After i)rolonged trials and 
many costly failures, tlu’ llansoim*. rohiry kilns Avere <abandon(Hi as 
impracticable by English cemc'nt manufactarers. 

Stokes’ Rotary Kiln. — A greater measure of success Avas ob- 
tained by the invc'ntion t»f IMr. AVilfred Stokes, who profited by 
certain of the mistakes of the KansoiiT^ kiln, and utilis('d the heat in 
a more adA^antag(‘ous Avay. In tin* Stokes process, a buiming cylinder 
5 feet in diameter and fin fi'ct in h'ligth Avas .nnployi^d ; this Avas formed 
of steel plat(is, resting on tAvo sets of friction rollers, set in a cast- 
iron cradle. This cylinder, Avhich Avas lined Avith firebrick, was driven 
by means of spur gearing, about one revolution per minuh^, and the 
wash' gas, escaping from the burning cylinder, pessed through a second 
cylind(ir, 40 feet in length by 12 feet in diameter, set horizon tally, and 
caused to rotate sloAvly on friction Avheels, being driven by worm gearing. 
The outside of this drum was cofited AAuth Avet slurry by a'^'dipping 
arrangement, and the slurry an as sloAvly dried by the hot avails of the 
drum, to Avhich it adhercMl. Ey tlu; time the drum had nearly completed 
one revolution, the already dried material AV'as scraped oil' in Hakes by a 
series of chain scrapers, and delivered into the feed-shoot of the burning 
cylinder. A third cylinder Avas placed at the lo^er end of the burning 
cylinder, and i-eceived the red-hot clinker as it issued fcom the kiln. 

c ylinder, Avhil*h Avas of the same size as the burning cylinder, was 
provided internally Nvith gills to assist in cooling th« clinker as ^t passed 
through it, und tlie current of air driven t][irougK the cylinder w'as used 
to mix witlf'the prdducer-^^as employed in tKe burning cylinder. 

‘ Although Mf. Stokes encountered many difticulties in working out 
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his inveiitiOx)s, most of which he was successful in f)^'cl■co^ni^g, }ie,^oo, 
found tlie attack of the fused clinker upon the kiln-linings a constant 
drawback to the satisfactory working of the process ; and in spite of tlie 
introduction of magnesia biicks and bricks mad(? of bauxite', whicli^ last 
proved to be too soft and friable to stand the wear of the kiln, the 
mechanical defex'ts i)rov(;d to be insuperable, and the contftided use of 
this form v>f kiln was n'liden'cl impossible. 

The Rotary Kiln in America. — The Portland cement industry was 
establislu'd by JVlr. D. O. Haylor, at Coplay, in Pc^hnsylvania, about 1876, 
and during the next few years scneral other plants of small capacity were 
erected in various pai’ts of the United »Stat('s. In all of 4hem European 
methods of manufacture were followed, but although the product was 
good, it (;ould not com})ete, as regards cost, with imported cement. These 
methods invohed a considerable amount of labour, and the high cost of 
this labour as compared with the wages 2 )aid in England, and to a still 
greater (uxtent with those current in Cermany, tlu'se being the })rincipal 
exporting countries, rendc'red the industry unprofitable. The rotary 
kiln presented a possible solution of this dilliculty, and in the hands of 
J\r. Pierre Oiron, who was the su 2 *m'int<*ndent of the Atlas Cement 
Works in Pennsyh ania, it jirovod, after many failures and ex})erimcnts, 
a success. About 189fi Mr. 8. Ik Newberry emY)loyed robiry kilns 80 
, fi'ct in length for burning wet slurry; the fuel employed in both 
these cases was j)etroleum oil. In 1895 Messrs. Lathbury and Spackman 
conducted a sei i(‘s of trials, extending over four months, at the works of 
the Alisha Company, in the use of 2 )ulvei'isefl coal, as a substitute for 
crude oil, which pi’eviously had been exclusively employed as fuel in 
all the rotary kilns in America. About the same time the Atlas 
Cement Comj)any perfected arrangements for the use of coal dust, and 
now the employment of this material has almost entirely supj)larited 
the oil at first used. Jt seems impossible to decide to whom the real 
merit of the present system of using powdered (;oal belongs, and the 
patent wlis refused in the United Sbitt's Courts to both the rival 
applicants. # 

Ransome’s American Paterf. — Rtinsome’s American patent dates 
from 1886, and it was first used in the United States at a cement works 
on the Hudson River, near Rondout, by the Atlas Portland Cement 
Com pany, and later, with more favourable raw material, at Coplay, in the 
Lehigh Valley (Jf Pennsylvania. The hard dry materials found at Co})lay 
were in ev(uy waj»adapted for use in rotiiy kilns, and fn course of 
and after great outlay«upon exjjeriments, the jjrocess, as modified by Mr. 
T. F. Navairo^ proved eiftirelyfsatisfactory. 

Th« Hurry and Seaman* Rotary Kiln. — !further*imj)rovements in 
the rotary kiln process were introduced l?tter by ^Messrs. Hurry and 
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Seaman, who patented their invention in 1895. The chief advantage 
derived under their patent was economy in the use of fuel by utilising 
the heat from the clinker in^two auxiliary cylinders. In the first of these 
cylinders the clinker was received as it fell from the kiln, and a stream of 
air passing over it became heated and served to ignite the coal dust in 
the burni/jg« cylinder. In a lower cylinder the cliiikei*, which had been 
crushed and sj)rinklcd with water, was exposed to a further current of air 
in order to complete the cooling and dryimr. 

Newberry : Use cJf Botary Kilns for Wet Process. — While these 
inventions w('re being perfected for the dry materials, Mr. Spencer B. 
Newberry, as we have seen, was carrying on successful experiments at 
Warners, New York, in the use of rotary kilns for the wet process. He 
employed a doubk* set of kilns, one bcung used for drying the wet slurry 
and the otluT for the final calcination of the dried material. He after- 
wai’ds er(‘ct('d a small works at ikiy Bridge, near Sandusky, Ohio, and here 
he again introduc('d the double system with two 40-feet cylinders. He 
subsequently riveted th(‘ two sections into a single cylinder, 80 feet in 
length, into which the wet slurry was at onc(5 introduced, so as to com- 
plete the drying and firing in a single operation ; but, after many trials, 
he concluded that kilns of this great length were not so well adapted for 
the puri)ose as shortei’ ones, and the most recent practice has been to 
make us(‘ of cylinders nut (‘xceeding 00 feet in length. 

Regenerating Process. — Notv, it Astam ling the efforts at first made 
to take advantagx' of the he.at of ilie clinker and of the chimney gas('s, it 
is found that veiy little jiractical gain can be secured by th(‘ various 
expedients which hav(' from time to time becni pro])Osed to effect these 
economies, and in the pri'sent us(‘ of rotary kilns, with tlie exception of 
the occasional emj)l()yim*nt of the heat, given u]) by the clinker in cooling, 
for raising tlie tenqx'rature of the injected ah’, these sources of heat 
iii'c disregarded. 

The Modern Rotary Kiln. — The Bansome rotary kiln was, as we 
have seen, 25 feet in length, ami the dilliculty with its use, Both in this 
ctmntry and in Aiiawica, A\as that of fully calcining the^ raw material 
before it was discharged from the cylinder, which was undoubtedly too 
short. In some of the early experiments in America, w'itli powdered coal 
as fuel, 30-feet cylinders were used, but the Oame traversed their whole 
length, and much of the heat was consecjuently lost. The length was 
increased to 50 and then to 60 feet with better results., AlthoiTgh 
( flin ders extendVng uj) to 90 feet arc in some cases e^nployed, the usual 
length is now 60 or' 70 feet, with a uniform dia»ieter of 6 feet. The 
Hurry j^iid ►Seaman kilns are made 6 fe^'t 6 iljches in diasuettsr at the 
lower or Tlischai^c end^ reducing to 5 fe5t 6 inches in cfiametei^at the 
upper end. This is the usuai practice with kilns of greater diameter than 
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6 feet, but the great majority of rotary kilns are new made with a con- 
muous diameter of 6 feet. The cylinders are constructed of steel plates 
^riveted together with hutt straps, and they /re carried upon rollers u\on 
which they rotate. They are sot at a slight fnclination, which varies with 
the raw materials used and with their fusibility. For the slurry oJ the 
wet process it has been found that a griulient of i inch to lih^foot gives 
the best re.sults, while for dry materials an inclination of from 1 to ’ of 
an inch to the foot is used. The minimum and maximum speed** of 
rotation depends upon the incline of the kiln mid on the nature of the 
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lig. 41.-Latlibury-Spackm*ii Rotary Kiln-( UMicral Vunv. 

raw material under treatment. It may also vary in aecor, lance with 
the oonJitions ot heat in the kiln, but the average minimum s,,eed is 

rn ‘‘verage maximum rate of drive is 

about 60 revolutions in the hour, a'ho nature of the materials must, of 
course, have considerable influence upon the rapidity wifh which the Jain 
is driven; the most'satisfaetory results are obtained by using sliced 
regulators on the driving arraj^gements, both for kilns and for .the coal 
eeds, thus placing the speeds under the direct control o’fthe Imriier, with 
power to alter the same i in mediately at will? 
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-An ii’on I’liimiK*!)' is pi'ovided at tlie end of cacli kiln. The 

slurry (*f tlu* Avot process is stoi*ed in Links, and is delivtu’od into the 
kiln l)y piiinpini^; the lloii^of the dry process is fed from bins hy a 
\\o]-m-coii\(‘yor, Morkiiii^ in a water-jack(‘ted case. The fuel now almost 
universally (Mn 2 )loye(l is powdered coal, which is blown in at the lower 
end eitlu'rViy ii fan, liy comju-essed air, oi- by a jet of hi^i^di-iii-essure steam. 
-Means are iu*ovid(‘d for regulatin<,^ the air-sup])ly. TIk^ finely-divided 
fuel at once bursts into fiame, aiul the raw material in its downward 
passages throuiL,di the kitn is gradually dehydrated and dej)riv(Ml of its 
carbonic acid. LJjion reaching a ix>int situatiMl at a distance of about L’) 
feet from the s.*nd, vitrification commences, and the clinkcu- is finally 
delivi'red at a white heat, in sizes varying from a ])ea to a walnut, from 
the end of the cylinder, having a temjierature of about 1,350° C. 

W’ith dry i-nw materials the temperatur(‘ of the chimney gas(‘s may 
range from about 450° C. to G50° C.: with the slurry of the wet process, 
the avc'rage may bo from 200° to 300° C. 

The Lining of Rotary Kilns. — Perhaps no single detail in the use 
of rotary kilns has been of greater importance than the question of the 
kiln lining. It was here, as we have seen, that the earlier inventors in 
all cases failed, and the ultimate success of this system of (itihuning 
became assured wluui this difliculty had been (‘ffi^ctually ovtuxionui. The 
fircibrick usually (unployed for refractory 2 )urjM)S(vs contains a high j)er- 
centage of siliai, and behaves as an adfll substance in the })resence of the 
Portland e(‘ment clinker, which is a basic material. At a elinkering 
temj^erature tlu'st' substances react, and the linings are rapidly atLicked 
and destroyed. IMagnesia bricks were found to crack, shrink, and drop 
out of their places. The most satisfactory results have becui obtained for 
kilns working both under th(i dry and wet ju'ocesses by the use of a fire- 
brick containing about 41 })er cemt. of silica and 49 per cent, of alumina. 
Att('mj)ts have been made to use a firebrick manufactured from cement 
clinker. This was ground to pass a quart(T-inch mesh sieve, and mixed 
with cement : but the results were not satisfactory, as the brffiks would 
chip and break away at the joints, linally falling out into^Uie kiln. In 
starting a kiln, a. skilful burner wilf coat that ywrtion of the firebrick 
lining where the elinkering Likes phice with a layer of melted clinker, 
which protects the lining, and in no way interferes with the burning and 
with the continuous discharge of the contents. .» 

In the case of sluny plants, it is customary to line the tube with 
fil^l^ick thi*ouglh)ut its entii-e length, but as the heat at th(> exit end is 
not sufficient to buckle the plates, nothing seemsi^to be gained by this 
practice^ and good results have* been obta\^ied b^' using a briek lining for 
about two-thirds of their lengths in the case of 60-feet kilns. 'v 
. Th© Fuel in Rotary Kilns. — We have seen that the producer-gas 
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athrst used in the Ransomo and the Stokes kilns glive May in tliejiarlv 
American experiments to theu.se of oil a.s fuel; this in its turn riving 
Jhco to the employment of poM.lere.! eoah. Oil is, hoM-eier, still in use 
at a plant m California. Mliile at the M^orlcs <?f the Tola Portland Cmnent 
Company in Kansa.s, the fuel for both kilns and jou^er i,s natural* gas 



I'ig. 42.«r-LatIiI)iiry-S|jacknian Uotaiy Kiln— Cenerft Yit w. 

Oil fuel has been refently irsed and m-<> believe abaiidoneil in favour of 
powdered eo,y at one^f th| Thames M-ork.s using rotary kilns An 
analy^ of the oil-burned eliiiLr is given it, tCe fibh? in p. Quite 
recently experiments liave again been mad? at an American M orks M ith 
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;:;as \ rodiicers, two kilns bein*^ fired ^<ith powdered coal and two with pro- 
dncr-r-gas. The oiitj^iit per kiln, and the weight of fuel used, was about 
th(‘ same in each c.‘is(', but tf'' producer involved the us(‘ of a better class^ 
ot (•(«'!, and this was consequently more expensive, wljile the cost of labour 
for attending the pn^ducei’s was greater than that necessary when using 
powdered coal. 

Bituminous coal has be(m found most suitable, anthracite being more 
ditlicult of ignition. The coal must be thoroughly dried before it can be 
ground, an oju'ration requiring care to avoid loss of volatile constitiumts. 
Botary di‘iei‘s, heated by hot air from the clinker coolers, are generally 
em])l()yed foi’ this j)urpose. The facility with which th(‘ coal is dri(‘d 
(hqxmds to some extent upon the constituents of the ash. Coal in which 
th(‘ ash is high in silica dries much imu'e readily and comj>letely than 
that in which it consists largely of clay. 

Coal Grinding. — The coal sluudd be grouml so fimdy as to leave a 
residue of not Juore than 4 to T) jicr cent, on a tisst sieve having 10,000 
meslu's to tlui sijuare inch. The grinding is usually efiected either by 
CriO in-mi 11s, which ri'ceut exj)erience has shown to be especially suit- 
able for the jfui'pose, or by tub(*-mills. ANTtli the latter the ])reliiiiinary 
grinding need not be so fine as is lU'cc'ssary in Ihe case of raw Hour 
fj’om hard linu'stone or cement clinker. The grinding is sometimes 
done by rollers, by disintegrators, by balbmills, these last being 
smaller in jvlation to the tube-mills they ar(‘ set to work with than is 
necessary when grinding hard materials. (Bving to the exi)losive nature 
of coal dust, it is Jiecessary that the machinery, whatever it may be, 
which is employed for grinding, should w'ork free from csccaping dust. 
For* the same reason, coal dust cannot be stored after grinding, and it 
has to be used as ground. 

The Aero System. — By what is known as tlio “ Aero System,” 
which is in use to a limited extent in the Uniterl JStatc^s, the coal is 
ground, without ]>revious drying, in a high-speed centrifugal disintegrator. 
One machine is fixed in front of the discharge-hood of each kiln, the 
action of the beaters providing sufiicient air*, the sujrply of *which can be 
rt\gulated, for forcing the ground coal dii'ect into the kiln. The disad- 
vantages of the system are that the machine has to be placed vei*y close 
to the hood of the kiln, which .somewdrat inconveniences the burner in 
properly manipulating the kiln. Again, the coal cannot be so fineB^ 
ground by this type of machine as by those previously ’mentioned, the 
rei.ult being an increased coal consumption. On the olSier hand, the cost 
of drying the coal is saved, while the plant itself is^* cheaper, being about 
one-thirdr Jhe cost} of rq^tary drying combi :ed wtth either Grifiin-mill or 
tube-mill grinding m£|,chinery. 

Clinker Cooling Sy stents. — In the early days of the rotary process, 
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the clinker was allowed to fall from the kilns into heaf;S which w(‘re r^^ked 
down by hand labour ; the hot clinker bein^^ ooletl by simple exposuiv to 
the air. The difficulty of obtainin^^ labour tor this work, and its high 
cost in Ameiica, soon led to the introduction *of mechaiucal appliauc(’;i f</r 
cooling the clinker. One of the eai'liest of these j'as that of Messrs. 
Hurry tt Seaman, used in connection with their type of kiln. * Jflie clirdeer 
is discharged from each kiln into a second cylinder, .‘30 h'ct long and 
3 fec't in diameter, lined with firebrick, and revolving about six. times as 
fast as th(' kiln. Through these cylinders a ctVrrent of air circulates 
which abstracts a portion of heat from the clink(‘r, and in its heated state 
foi-ms the air-supi>ly to the kiln. The cylind(‘rs converge^ in pairs, each 
pair discharging tlu; now partial ly-cooled clinktu- into crushing rolls pro- 
tect'd with casing. While passing through the rolls it is sprayed m ith 
water, and is discharged into a cylindc'r GO feet long by 5 feet in diarnet'r, 
lined with (last-iion plates, pnnided with ledges which lift and drop the 
clinker as it gradually passes through. A current of air circulating 
through th(^ revolving cylinder completes the cooling process, and also 
dravN's off the steam from the rolls. The effect of spraying the clinker 
with water is to hydrate any uncombiiied lime piH'sent, thus avoiding the 
necessity of maturing the cement by storing. If pi‘ 0 })erly managed it in 
no way adversely affects either the giinding of the elinkei’ or the (juality 
of the resulting cement. Various systems of cooling and of obhiining a 
heated air-su]»ply for the kilns by the use of riivolviiig eylindei's are in 
o])eration. 

Clinker Coolers.- -Vertical or tower coolers are sometimes employed 
the hot clinker as discharged from the kiln being lifted into them by an 
ele\ator. Tlu'y vary considcj-ably in dinn'n.sions, in some eases one tower 
is proxided for each kiln, in others one for each pair of kilns. Tlieir 
internal construction varies, but the principle of their action is much the 
sani(‘ in jill. The inside of the tower is arranged with conical surfaces, 
over which the clinker spreads as it travels downwards and is exposed to 
the actioii^of cold air, supplitnl through branches from a central blast 
pipe. Underline of these systems the clinker may also at the same time 
be sprayed with water. * 

By the regenerative system of JMessrs. Lathbury Spackinan, the 
clinker is discharged into masonry vaults, situated underneath the 
discharge-hood of kilns. These vaults have sloping floors, outlets from 
which open ink* a tunnel. Cold air is forced into the lower level of 
the vaults, aiul, paii.sing through the pile of liot cl inker, ^lecomes heate^, 
when it is rlrawn off •and forced back into the kilns, mixed with the 
pulverised ctial. The ^me ^stem is sometimes carried ouj^ above 
ground ^n tanlcs built of stem plate, the clink* r beiiig lifted by an 
elevator. 
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Shaking Cooler's. — Sliaking coolers, one being provided for each kiln, 
have been recently used. These arc enclosed inclined trays kept in motion 
by^ianis attiiched to a r(‘\oLying slmft. The hot clinker falls into them 
from the discharge ! lood of the kilns, it is then, by the jigging motioif, 
sprtJad over a series of shelves or step.s which form the bottom of the 
tray, andris'gradualfy cai'ried forwai-d and discharged at the lower end. 
A large area ot hot clinker is thus exposed to the action of the air, which 
is drawn in from both (uids and discharged into a hot air chamber. 
From this chain bcu- tke supply of air for the kilns is taken ; the re- 
mainder passes a^^’ay by a shaft. 





Fig. 43. — T.atlibiiiy-Spacknmn Cvotary Kiln — Showing Jiining. 

Messrs. Lathbury tt Spackmaii of Philadelphia have allowed us to re- 
produce [four illustrations explanatory of their rotary kiln system. 
Figs. 41 and 42 are general views of one kiln ^ Fig. 43^ kiln fitted wiife.. 
firebrick lining^ and showing cradles on which the shell is mounted; 

44 indicates in plan and .side elevation the ‘^disposition of the 
rotary plant when employed for the wet process and shows the arrange- 
ment 6?^<two kikis witji coal-mill, slurry \tanks, ‘and clinber'^ cooler. We 
have here the most recent and up-to-date appliances for the manufacture 
of Portland cement, as practised in the United States. 
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F,uel Consumpcion and Output. — Upon these questions very con- 
flicting statements have been made. With slurry, which usually enters 
the kiln with 50 per cent, of^^watcr, the fuel consumption is greater than 
with ^Iry flour, wliilo the output is les.s. The production of a rotary kiln 
is influenced principally by three conditions — the fusibility of the raw 
materials, the quality of the (;oal, and the experience of the burner. In 
recent American practice with dry materials from 650 to 700 lbs. of dry 
coal an^ used per ton (2,240 lbs.) of clinker produced, with slurry from 
850 to 900 lbs. With slurry the average output per day of twenty-four 
hours is 21 tons per kiln, with dry flour it may reach 29 tons. 
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CHAPTEJl XIII. 

GRINDING, STORING, AND PACKING THE CEMENT-DUST 
COLLECTING CONTRIVANCES. 

Contents. — Practice — Sifting Macliiiicry — The Air Separator — Ditliculties 
Entailed hy Use of Sieves — Rock Emery Millstones — Continental J’ructice — 
Roller-mill — Edge-Runner Mill of Dutrullo & Solomons— ^cate’s Dynamic 
Grinder — The Freeman Patent Hj^draulic Grinder — Recent Practice — Fineness 
of Grinding — Grinding I’ests — Storing and Packing — Dust Collecting Con- 
trivances. 

Early Practice. — From tlje very inception of the Portland cement 
industry, the method of grinding was for many years almost entirely 
by the use of French burr millstones; the preliminary crushing being 
effected cither by e<lge-rumicr or rodcr-rnills, the latter of various types, 
the rollers being either plain, corrugated, or provided with teeth. At 
a later period the use of Blake stonebreakers, or reciprocating-jaw 
machines of this type, became very general. From the light stones 
and working parts of the corn-mill, the heavy stones built of hard burrs 
and tlio strong massive gearing of the cement-mill were gradually evolved. 
In tlie early days, wlien finely-ground cement was not demanded and 
when the clinker was not heavily burned, this system of grinding 
answered very well, the cement being considered finished when it left 
the mills without any subsequent sifting. With the demand for cement 
of greater strength, which could only he reached by more highly-limed 
and more heavily-burned clinker, most difficult to grind, and with the 
necessity for more finely-ground cement, it was found that ibis system 
of grind inij left much to bo desired. 

Degree of Fineness in 1879. — From some notes made in 1879 we 
give the tineliess of ordinary comijiercial cement of that date. It was 
ground without sifting from hard well-burned clinker : — 

On test-siove having 30 meshes to the lineal inch 10 0 per cent, of residue. 

>> >> 40 ,, ,, 25’() ,, ,, 

)» j>. » 50 ,, ,, 31 '8 ,, ,, 

„ M ^ 100 „ „ 44-4 /„ 

This cement found^a ready market, and as regards fineness it is fairly 
repr iseniative^of much the^cement of that time, unless sucl^ as was 
especially ordered to be finely ground and paid for at an increased price. 
At the present time cement leaving 5 per aent. or even less of Tesidue 
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on a,test-siove havi/*^ 100 meshes to the lineal inch is quite an ordinary 
conynercial product. 

Sifting Machinery. — About the year 1878 sieves were introduced 
into .some manufactories, but their use at this time was by no means 
general. Not more ^than 10 per cent, of residue, on a test-sieve having 
50 meshes' 't6 tlie lineal inch, was a condition of many specifications, and 
this requirement soon became general. Although this fineness could be 
obtained by careful milling without sifting, it left but little margin, 
while, as the full weight of the runner had to be kept on the bedstone, 
when grinding so fine, the wear on the stones and the power absorbed 
was considerable. There was a danger also of the joints becoming 
defective, entailing the risk of throwing out coarse fragments. The 
use of sieves, therefore, extended and became almost universal. A 
fineness of somewhat less than 10 per cent, of residue on a test-sieve 
of 50 meshes could be obtained by passing the cement from the mills 
through a sieve covered with wire cloth having 40 meshes to the inch. 
The wire cloth or gauze was made of tempered steel wire and the sieves 
were constructed and arranged in various ways. In some cases several 
mills were arranged to discharge into a revolving sieve of large capacity, 
either of circular, hexagonal, or octagonal cross-section, or into a fiat 
shaking sieve. The disadvantage of an arrangement of this kind was 
that if the sieve got out of order — a by no means uncommon occurrence 
— all the mills connected with it wejfe fitopped. A more usual plan was 
to provide each mill with its own sieve, generally a fi.it shaking sieve, 
with an arrangement to alter the angle at which it was suspended. 
This regulated the fineness of the cement, for a coarse sieve set at a 
steep angle will yield as fine a product as a finer one, set so as to be 
in a position nearly horizontal. 

The Air Separator. — About 1884 Messrs. Mum ford & Moodie 
devised and patented a system by which the coarSe and fine portions 
of a roughly-ground material are separated by the action of a current 
of air. This system was first applied to mills for grinding phosphates, 
and as introduced and manufactured by Messrs. Askhtvm, it rapidly 
found its way into the cement indifstry, and to a considerable extent 
replaced sieves. Fig. 45 shows a section of the machine, and the 
following description is that given by the inventors : — 

“A, outer casing of sheet iron, circular in form, into which the fine 
dust is thrown, ^terminating in a spout at the bottom fo\ delivering intcT 
bags, casks, upoh creepers, &c., as may be desired.i B, inner casing 
into which the coarse particles fall, and can be delivered to the right or 
left through the branch pipes, a, a, by moving tba valve, c. 0, a movable 
band encircling tlie top of the case B, which acts as a damper foi^ closing 
the opening, between the caries A and B, and is worked by the lever, 
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and the rods, A, h, B, hood against wliich tlie material is tjirown. .15, E, 
blades of fan connected by arms to the disc, E^, rotating on the. fan 
spindle, E“. F, standard for carrying the spyidle and driving gear, which 
may be bevel wheels or pulleys. G, feed cone into which the material 
is fed. ^ 

“The material to be treated is fed into the cone, G, and, ‘falling upon 
the rotating disc, E^, it is thrown in a thin stream all round towards the 
fixed hood, D. Tlie current induced by the fan passes upwards and 


carries with it the fine particles, which 
are thrown into the outer case A ; 




the current of air, separating itself 
from the fine particles by centrifugal 
force, returns through the oj)ening 
in the direction of the arrows, 
tlie same air being used over and 
over again. The coarser particles, 
which are too heavy to be lifted by 
the current of air, fall into the casing, 
B, from whence they return by the 
branch pipes, a, a, to the grinding 
machines to be further reduced. 

“ The degree of fineness of the 
finished material can be regulated by 
the speed of the fan, also by the 
partial closing of the aperture, and by 
means of the damper, C, which inter- 
cejjts the current of air. 

“ Different forms of hood, D, also 
alter the quality of the finished 
material.” 

Difficulties entailed by the use 
of Sieves or Separators. — While a 
much finer pf oduct could be obtained 
by the use of separators than was 
possible with sieves, one difficulty 



was common to both systems— viz., that of dealing with the residue 
or rejected core. It tvas not possible to grind finely, leaving the 
sieves or separators to take out a small percentage ^ coarse matterj 
as a fine floury pi'oduct chokes up the meshes of the sieves, in spite 
of many ingenious devices for shaking or keeping them vibrated, while 
separators wiU not deal witl^ a finely-ground n\jiteria]. It ii^ ftecessavy 
for their successful working that a considerable proportion of the 
material treated should be in the form of coarse grains, from which the 
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fine jPowder may blown away. On the other hand, if the grinding 
was^Ltoo coarse, the resulting cement was not only granular and 
wanting in impalpable pov^er, but a much larger proportion of core 
or cogrse residue required rigrinding. The re-grinding of this separated 
cor(‘, consisting as did of the hardest ])ortions of the clinker, was 
always trdablesorae. With French burr-mills it was impossible to grind 
it alone, as it simply rushed through the stones like water, coming away 
in much the same condition as it entered. 

The only possible rdOthod of dealing with it was by mixing it with 
fresh clinker, and even then much of it passed through unground, to be 
again rejected und returned. In the state as rejected from the sieves 
or separators, it was usual to return it to the storage hoppers over 
the grinding mills, to be mixed with the fresh clinker. We have 
written of this system of grinding as a thing of the past, for although 
French burr millstones are still to some extent emjdoyed, as vdll be 
explained later, their use for fine grinding, as has been described, 
has practically ceased. Air separators are, however, still in use, and 
will be referred to subsequently. 

Bock-Emery Millstones.— Millstones of French burr require re- 
dressing after from 30 to 40 hours* use on good clinker. The output 
begins to diminish long before they are thrown out of work for this pur- 
pose, and for the last few hours it is generally very small, while the 
power required to drive them increiHes. The surfaces in fact become 
quite polished, and they have then no abnisive action. Messrs. Addison, 
Potter Son of Nowcastle-on-Tyne have long devoted considerable 
attention to grinding by millstones, and they build these stones of rock 
emery, the joints being run with a special mixture of cast iron. 
Provision, if required, is made for furrows, but for many purposes these 
stones work very well without them. Of course, the surfaces cannot be 
touched by any tool, but as a matter of fact they do not require dressing 
or levelling. Nor do the surfaces polish, and these millstones will work 
effectively during their whole life, which is much longer than i‘n the case 
of stones built of French burrs. r 

It only becomes necessary to p\it them out of work when it is 
required to attend to the neck of the spindle, or to lower the cross-bar in 
the runner, and to cut away the centre part of the bedstone and the 
swallow of the runner, for which purpose these parts are constructed of 
French burrs. The rough abrasive surfaces of the emely blocks render 
them particularly suitable for grinding core from sieves or from separa- 
tors,'while Messrs. Potter themselves employ thelh for double-grinding 
cement to an extreme degree of fineness, an opelfation whiqh is practically 
impossible with”Frencfi burr stones. The clinker is, to begi^ with, 
finely crushed, then passed tfiirough the first set of mills, which grind it 
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so fine as to leave a residue of from 5 to 10 per cent.^on a test-sieve of 50 
meshes to tlie lineal inch; finally, withoii* any attempt at siftini'^^ the 
meal is passed through the finishing stones, which are built specially for 
I5ne grinding. 

Our own experience with these millstones, both fo»* grinding clinker 
and raw flour from hard limestone, has heiui entirely successful. Except 
for grinding slurry, their use in the Thames and Medway district has not 
been large, but in the north of England, in cases where millstone grinding 
is still practised, they are employed to a coiisidci’able extent, frecjuently 
in connection with air separators. 

Continental Practice. — This for many years fdlowed English 
methods, millstones being largely employed. Sifting was, however, 
introduced abroad at an earlier date than in this country. In England 
the almost universal jiractice is to make the upper millstone the revolving 
one or runner, and mills of this type have been largely used on the 
Continent, but in many cases those with under-runner stones, the upper 
one being fixed, are preferred abroad. It is claimed that a larger output 
can be obtained from these mills than from those with over-runners, as 
the material in course of being giound, which falls ui)on the rapidly 
revolving stone, is by centrifugal force thrown towards the periphery. 

The hall-mill has likewise been extensively used in Gonnany as a 
fine grinding mill, for which purpose, as we have previously mentioned 
when considering the dry process, it is not well ada])ted owing to the 
small output. In some cases it was customary to grind coarsely with 
ball-mills, the product being sifted through fine sieves, and the residue 
returned to the mills for further grinding with fresh clinker. Such mills 
have also been used for finely crushing clinker previous to grinding by 
millstones. 

Experiments with Grinding Machinery of other Types. — It was 
once a common saying that English cement was more coarsely ground 
than German, the probability being that both coarse and finely ground 
was madfPin both countries and that the purchaser got what he paid for. 
Whatever igay be the truth, it cannot be said that strenuous attempts 
were not made by English manufacturers to devise a better method of 
grinding than by millstones. Many diflerent forms of mill were tried 
and large sums of money were wasted in fruitless €*xperiments. At one 
time high-speed machines acting by percussion were favoured. Many of 
these would grhid finely and give a large output, but one and all of them 
speedily wrought 4iheir own destruction. The cost of ref)airs and renewals 
was so great that th%ir use was abandoned, and mills of this type have 
practically imppeared i’Poni the cement industry iu Europe. \ye notice, 
however, that an attempt if at present being^ made* to employ them 
in the United States of America. The 4>all-mill is, of course, a per- 
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ciissipn machine, btft; it revolves at a low speed, and this makes all the 
difference. 

The Koller-mill. — Some instructive and valuable experiments were 
carried out in 1880 in Genlany at the Quistorp Works by Dr. Tomei 
with roller-mills, derails of which have not, we believe, hitherto been 
published fci'this country, but which will serve to put the case of rollers 
verms millstones in the best possible light. The mills with steel rollers 
were specially constructed for grinding cement, and the material made 
use of for the tests c(ftisisted of the coarse hard particles of clinker 
rejected by the sieves. Two pairs of freshly-dressed burr stones, 4 feet 
3 inches in dia^neter, and running at from 110 to 115 revolutions per 
minute, yielded on the average of a nine hours’ test 8 5 tons of cement 
per hour, ground so fine that the residue on a sieve with 5,806 meshes 
to the square inch was only 16 })er cent. Twenty- three horse-power was 
indicated by careful brake experiments, and the temperature of the meal 
rose from 11 7” to 192°. 

Exactly the same amount of power sufficed in the parallel experiment 
to drive two sets of rollers and one pair of similar stones ; the yield from 
the rollers was 14’5 tons per hour with a 13 per cent, residue on the 
sieve of 5,800 meshes per square inch. N^o observable rise of temperature 
took place in the grinding and in connection with prolonged use of the 
rollers; it is stated that after four months working they showed no signs 
of wear, except that the outer edges v^^ro somewhat chipped. The total 
width of the rollers was 19 inches, but, beyond the fact that they were 
driven at differential speeds, to attain a certain amount of rubbing action, 
combined with the crushing, wliich produced a softer meal, no details of 
the mechanical arrangements are given. 

The above series of experiments were moreover valuable in that they 
afforded reliable data respecting the comparative strength of the two 
samples of cement produced by milling and crushing.' In order to test 
this question thoroughly, samples of the material produced in either way 
were carefully checked by the sieve and made into briquettes'" neat and 
with standard sand. The cement from the stones left a re^sidue on the 
sieve with 5,806 meshes to the inch 'of 15-74 per cent., and on a sieve 
with 32,275 meshes to the inch a residue of 21*15 per cent. ; the total of 
the coarse particles from both sieves being thus 36-89 per cent. The 
following table shows the tensile strength of the cement in lbs. per 
square inch neat and with three parts of standard sand 

7 days. '' 28 days, 

* Neat, 428-1 ** 480*7 

1 to 3 sand, HS'd 1W0*1 

< a‘ ^ V ' 

A aampe of exactly the same cement produced by the roller-mill left 
a residue on tlie 5,806 mesh Sieve of 13*63 per cent., and on the 32*257 
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mesh sieve of 23*44 per cent., or a total residue of S'7*07 per cent. The 
tensile strength, tested as before, was as foPows : — 

7 days. 28 days. ‘ 

Neat, ' 378-4 492-3 , 

1 to 3 sand, 103 -6 231-8 

It appears from the figures that though the results were a little in 
favour of the stones at seven days, the twenty-eight days’ test gives the 
advantage to the rollers, and we may take it that, so far as the quality of 
the cement is concerned, there was practically no diffenmee whatever in 
the two products. 

It will be observed that the grinding was equally fine, but it is 
pointed out by Dr. Tonnd that while the millstone-ground cement 
steadily deteriorated from hour to hour, owing to the wear of the dress 
on the stones, the cement produced by the rollers manifested latterly 
a slight improvement in quality. The rollers were most accurately 
turned and polished, and were set so fine and true that a sheet of 
notepaper, when j)assed through them, was marked equally on both 
sides. 

Similar Results have not been obtained in England. — These 
tests certainly explain the reasons for the confidence at one time ex- 
pressed by foreign manufacturers in the roiler-iiiills, but we cannot find 
that any results a])proaching these in excellence have hitherto been 
attained in this country. In fact, the following letter received from an 
eminent English firm at Hailing puts a very different light upon this 
process of grinding : — 

“We may say that some years ago we erected, at great cost, a 
complete and most elaborate system of (German) roller j^lant on most 
approved principles. It was a complete failure. It certainly ground the 
cement to the required fineness on the 50 and 80 mesh tests, but the 
difierence in the comparative strength of the same clinker, prepared by 
stones alone in the ordinary way, and that when done by the roller plant, 
was most apparent. Fully one-third less strength neat, and more still 
when tried •'ith the standard sand test. The setting was always slow, 
even with an otherwise quick-setting sample. No difference could be 
ascertained in the appearance or shape of particles under powerful 
microscopes.” 

“After litigation the German firm of engineers replaced the rolls by 
millstones, and"^ this gear was only recently taken out, and replaced by 
massive English-iftade stone gear. The real cause of btie failure was the 
want of flour or impalpable powder in the same proportion as that pro- 
duced by Md^on-grounffstufi^ through stones.” ^ 

“It was very fine stuff as a whole, but this flour was wanting, and 
80 per cent, or more was really only very^ne residue, which acted like 
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sand, and so retardfad the setting.' Sifting on a 30,000 mesh sieve, or 
throj^igh silk gauzes, told the tale ; and these fine sieves are really the 
only ones that should be used in classifying or testing the values of 
cement meal.” ( 

“ Since our experience of these rolls, we have always thought that 
this flour f^otihl only^be produced by frictional grinding, but last year we 
saw an English edge-runner mill, and tested the same, and found that 
the flour was equal to that ground through the stones. The tests were 
also equally good, so tltere are hopes of the clumsy stone method being 
superseded. These other systems all take less power than stones.” 

“ 8ome German friends, who spoke so well of the rolls before we put 
them down, never had found out our cause of failure until they heard of 
it hero, as it had previously been their habit to mix into one conveyor 
the product from the rolls and stones, and so the fault had not made 
itself apparent. Wc believe that their idea now is the same as ours, and 
they are agreed that roller-plant without stones will not do, although 
they can be worked in conjunction with each other. The system was so 
elaborate, complicated, and expensive, that we preferred to simplify the 
process, and to do away entirely with the rolls, and not even to have a 
‘joint-plant,’ and we learn that in certain factories abroad, where the 
rollers were formerly in use, they have reverted to burr stones.” 

Edge-runner Mill of Dutrulle & Solomons. — Mills of the edge- 
runner typ(5 liave been largely exp.«rimented with and used in this 
country, and results of their working have from time to time been 
published. Among these, Dutrulle h Solomons’ mill, Neates’ Dynamic 
Grinder, and Ifreeman’s Hydraulic Grinder, have been most extensively 
em])loyed, and may hero be noticed. In the first-mentioned mill the 
runners, four in number, are vertical, and revolve in different paths. 
The material to be ground is fed upon the upper one, and by the action 
of scrapers it is carried down to the lowest level; from which it is 
delivered to elevators. These conduct it to a sieve, which separates the 
fine and coarse portions, the latter passing back again to the‘mill to be 
re-ground. 

The runners weigh about G tons fcach, and are built up of specially 
hard iron, the weight being obtained by cement filling. The beds are 
similarly constructed of hard iron — in fact, the manufacturers assert that 
these mibs will grind 10,000 tons of cement before the wearing parts 
need renewal. These results are attained by the selection of specially 
tough iron, and by the great thickness (1^ inches) of* the metal. It is 
claimed, moreover, that the grinding is effected ri,ther by the rubbing 
together, pf the masses of clinker than by the’N'ontact with^. and conse- 
quent abrdsion of, the n’letal surfaces. ' 

. it was found in the couiee of some trials at Messrs. Booth’s works 
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near Rochester, that 40 I.H.P. was required to dMve this mill for an 
output of 39| cwts. of cement in half an hou' , or at the rate of about iO 
I.H.P. per ton per hour. During this experiment the amount of 
Material returned to be re-ground with a(' sieve of loO nieshe.j to the 
lineal inch was 40 per cent.; with an 80 mesh sieve, 24 percent.; and 
with a 50 mesh sieve 12i per cent. The mill was^driven ui«'20 revolu- 
tions per minute, the engine running at G5. The ground cement had a 
weight of 117 lbs. per bushel. In all mills of this type, our experience 
shows that the character of the meal produced Jillers from that yielded 
by burr stones, and manufacturers who have this mill in use have, we 
understand, found some diHiculty in turning out a cement of high 
tensile strength. 

In a circular issued by the manufacturers, some trials of this mill 
are com]:)ared with the results obtained by millstones. The output per 
hour is here stated to be 4 tons, ground to a fineness of 5 per cent, residue 
on a 50 by 50 sieve, the net indicated horse-power required being GO. 
The case of millstones is, however, not fairly put. In one instance, the 
j)roduct from a pair of 4 feet G inch millstones, ground to the same 
fineness, is given as 15 cwts. ])er hour; in another, as only 12 cwts. 
This is simply absurd, as we know from our own experience that, with a 
good sieve, 27 cwts. per hour can be regularly obtained of this fineness 
from liard burned clinker per pair of 4 feet 0 inch stones. It is, more- 
over, claimed that cement ground by these mills is of better quality than 
that produced by millstones, a statement which is at least open to 
question. 

Neate’s Dynamic Grinder. — In Neate’s “ Dynamic Grinder ” four 
runners revolve round an inclined raceway. The clinker is in the first 
place crushed by powerful rolls, from which it is elevated to the storage 
bin, passing therefrom to the mills. From the mill, by means of a 
system of scrapers, wliich form a special feature, it is delivered to two 
elevators. These discharge it into two rotating sieves, the wire cloth of 
which is protected on its inner surface by perforated steel plates. The 
fine portion ^f the ground material is carried away by screw-conveyors, 
and the portion rejected by the sieves passes back to the mill. 

The result of an extended trial gave a regular output of 5 tons per 
hour, the net I.H.P, required being 48-9, and the residue on sieves of 50 
and 75 mesh being respectively 6*7 and 17’9 percent. It is not asserted 
that cement ground by this method is better than millstone cement, but 
only that it canjbe in no way distinguished from it? Both the mills 
previously noticed a^e constructed for dealing with large quantities of 
material, but they are »;f)t adapted for fine grinding. Cement jof such a 
coarse 'quality as that obtainiSd by means of th^ fore^iiig e^})eriments 
would be almost unsaleable at the present day. 
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T^e Freeman latent Hydraulic Grinder. — This consists of a hed- 
or gondingplato, tliroc edge -runners of about 2 feet diameter by 10 
inches wide, and an upper plate with a deep flange, all of chilled cast 
iron. ^ The runners, by mear s of spindles and bearings, are attached to 
the flange of the up})]pr plate, which rests on them. This plate rotates at 
a speed of about 50 revolutions per minute, and carries the runners ^ 
round with it, travelling u])on the bed-plate, uj)on which the material to 
bo ground, crushed to pass a 1^-inch ring, is automatically fed. The 
flange of the upper plat'd shrouds the runners to a great portion of their 
depth, but, in addition, the whole mill is made dust-tight by enclosing it 
in a sheet-iron casing, which may be easily removed for inspection or 
repairs. Upon the top, and in the centre of the up])cr plate, is fixed a 
small hydraulic cylinder and ram, by means of which the plate and 
runners are forced down upon the bed-plate and upon the material to bo 
operated upon. The grinding is thus eflectcd by the weight of the 
runners and of the upper plate, supplemented by the hydraulic pressure, 
which may be regulated to suit material of any degree of hardness. By 
the action of the runners, the material traverses the runner-path to the 
circumference, it is swept out by scrapers, and is carried automatically 
to a r(;vol\ing sieve, the portion rejected being returned to the mill for 
furth(!r grinding. The driving is effected from beneath the mill, ■which 
may be supported on suitable colunins, or it may be fixed on existing 
millstone hursts, the stones being removed. The output is given as 
about 2| tons per hour, the cement leaving 1 per cent, residue on a 50 
mesh test-sieve, and about 6 per cent, on a 76 mesh, requiring from 30 
to 40 l.H.P. 

Becent Practice. — We have already referred to and described the 
ball, tube, and Grifliii mills when treating of the ])reparation of raw 
materials by dry methods. We must now consider these mills as 
applied to the grinding of cement. In new plants, or extensions of 
existing ones, the employment of either Griflin mills or ball or “ Kominor ” 
with tube-mills is almost universal, while one system or the 'other has 
in many cases displaced machinery of the kind described 'n the early 
part of this chapter. The tube-mill alone, as a fine grinding machine, 
without the ball-mill as a preparatory coarse grinder, has had a separate 
and special use. 

At first only the No. 12 size was made, and. the inventors adopted 
the wise precaqtion of carrying out exhaustive experiments before 
attempting to place it upon the market, which they ultimately did as 
a machine of proved value. The details were v^ry carefully worked 
out, and^except as regards the manufacture oY' larger sizes* lined with 
quartzite, *t has ‘ undergone little if any change at the hands of the 
orififinal inventors. 
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Introduced U the cement industry, as we haJ^e seen, about 1805, 

its success was immediate, as an adjunct to existing machinery. \ The 
continued demand for more finely -ground cement was pressing very 
^lardly upon the manufacturer. It was, of course, possible to increase 
his grinding plant, but it was obvious that existing machinery was not 
suitable for fine grinding while costly experiments with othrr in ichiiies had 
*beer. unsuccessful, and fine grinding without an increased plant meant 
a diminished output. It was at once recognised that the tube mill would 
servo either to grind to a fine powder the co/e rejected by sieves or 
separators, or it would grind the cement direct from the mills without 
sifting or separating, while in either case the ])reliminary grinding might 
be much coarser than it had previously been. The result has been that 
ill this country millstones and edge-runner mills have in many cases 
remained in use, being employed as coarse grinders for tube-mills. Up 
to the time of the introduction of the tube-mill, ball-mills were only used 
in this country to a very limited extent, but on the Continent, as we 
have previously mentioned, they were in very general use for fine 
grinding. All that was necessary to adapt them for working with 
tube-mills was to replace the fine sn.ves by coarser ones. 

Except in cases where the original grinding machinery has been 
entirely replaced, few, if any, of existing cement plants which have been 
at work for ten years or more, are at the present time being operated 
without tube-mills. The result of their introduction as an addition to 
existing plants is either an increased output of finer cement, or the same 
output of finer cement with a reduced consumption of power. As an 
instance, two pairs of 4 feet 6 inch French burr millstones were grinding 
21 tons jKjr hour of cement, so as to leave 3 per cent, of residue on 
a 50, and 10 per cent, on a 76 mesh-test sieve; this plant required 
90 I.H.P. A No. 12 tube-mill was put in with the result that one 
pair of stones and the tube-mill turned out 2^ tons per hour of cement, 
leaving nothing on the 50, 2 per cent, on the 7 6, and 5 per cent, on the 
100 sievef 75 I.H.P. being required. The cement passed from the stones 
to the tube-j^iill without separation. 

The coarse j)Owder from milJlstones may usually pass direct into 
tube-mills without any separation of the fine portion. The fine cement 
is thus ground finer and the wear of sifting or separating plant is 
avoided. In some cases, especially on the Continent, the fine cement 
is previously taken out by air separators. With edge-runners as pre- 
paratory mills, sieves are of course necessary. The hoarse cement for 
finishing in tube-milts should be at least so fine as to leave no residue 
on a test siove of 20 mefehes to the lineal inch. ^ 

Until wittiin the last fev7*years the Portlatid ceihent iiftlustry can 
scarcely be said to have existed in Amenica and consequently most of 
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the plants are new/' Grinding is almost universally either by Griffin, 
or ball- and tube-mills; in the latter case the product from the ball- 
mills passes direct to the tube-mills without any attempt at separation. 

Fineness of Grinding. (r-1’here is at the present time no difficulty 
in obtaining T\)rtland cement of any required fineness. Much experi- 
mental wcK.lf been done in testing the com[)arative value of coarse 
and finely-ground cement, and it i.s now generally admitted that, as 
regards capacity for admixture with sand, finely-ground cement gives 
the best results. < 

An additional argument for fine grinding which has been recently 
advanced is that cement, which, if it were coarsely ground, would be 
unsound and unsafe to use, is by fine grinding rendered perfectly sound 
and good and this is in many cases undoubtedly true. Unsoundness 
and failure to pass tests may result from either incorrect proportions, 
coarse grinding, irregular mixtures of the raw materials, or in part from 
all of these causes. The resulting clinker in such cases will consist not 
only of the true cement compounds but also of uncombined or imper- 
fectly combined lime. This may exist either as small fragments or in 
a finely-divided state, enclosed in the fused mixture of silicates. Upon 
the addition of water to the resulting cement, the fine particles are 
immediately acted upon and become hydrated, the coarser ones may 
be acted up(m only after the cement has hardened ; often after a long 
period of time, the result being ultii^atcly the complete disintegration 
of the mass. If the cement is brought into an extremely fine state 
of division, the whole of the uncombined lime may be hydrated and 
rendered harmless before setting takes place, especially if this occurs 
slowly. The general tendency of fine grinding is, however, to render 
the cement more or less quick setting, and means have to bo taken to 
counteract this defect by the addition before grinding of a small quantity 
of gypsum. 

Without attempting to say a single word in disparagement of finely- 
ground cement, we are certainly of opinion that fine grindi'ng of the 
finished material should not be employed to cover incorrect, ^proportions 
and careless preparation of the raw' material. Nor do we think it 
possible that cement prepared in this way, from which as we have seen 
constancy of volume and satisfactory results by means of other teats can 
only be obtained by extremely fine grinding, can be so perfect a material 
as one in which the raw materials have been carefully proportioned and 
prepared, even though the latter cement may be more* coarsely ground. 
A coarsely-ground cement is not necessarily an unbound one, as will be 
evident Ky reference to the results of tests by Some of the early experi- 
menters, ill cases Where *the fineness of th^' cement has also been given. 

. Grinding Tests. — Much T/ork of this kind with English cement will 
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be found in the ^roceedinf;^ of the In^itution of Ci^Eiigineers ; many of 
the experiments there recorded extending over long periods of 
Constancy of volume, or soundness tests, which have only during recent 
years become general, are in many cases no(^ referred to ; but it mgy be 
fairly assumed that cement wJiich continues to increase in strength with 
the lapse of time, and wJiich finally shows no sigfis of ret ogression, 
*must have been sound and good at the commencement. Correctly-pro- 
portioned, finely-ground, and carefully-prepared mixtures of raw materials 
— points upon which we have throughout this - book insisted — will, if 
properly burned, result in clinker, the cement from which, whether it 
may be ground coarsely or iinely, will be constant in volume; the coarse 
or ungroimd portion being absolutely inert. 

One danger in connection with the use of finely-ground cement may 
briefly be referred to. If the sand is of good quality, as is usually the 
case on large and properly-supervised works, a less proportion of fine 
cement than of coarse may be used to an equal quantity of sand with 
equally good results as regards the quality of the work produced and at 
a less cost. The proportion of sand may really be adjusted to the fine- 
ness of the cement. Large quantitio.s of cement are, however, not used 
under such favourable conditions, and much of the sand employed is of 
very inferior quality, scarcely deserving the name of sand at all. A 
growing tendency exists to use increased quantities of sand, no matter 
what its quality may be, with the result that much inferior work is being 
done with very good cement. 

Storing and Packing. — From the grinding mills the cement is 
transmitted by elevators and worm or belt conveyors to the storage bins 
or silos. These are generally entirely closed up while being filled, the 
cons^cyor discharging at the top, the cement thus being distributed layer 
above layer. It may bo automatically weighed at any convenient spot 
on its way to the silos, the machine recording the quantity which has 
passed through it. In this country the usual practice is to fill and weigh 
the casks t** sacks by hand, the floor of the store or silo being on a level 
with the loading platform. In some Continental works the silos form 
an upper storey, the bottoms of the silos being hoppered and brought 
down to spouts, which discharge into casks or sacks on a floor at the 
loading level. 

In many American wjorks the packing is entirely distinct from the 
storage departmfl^nt. The bins or silos are arranged on the ground level 
in such a manner that they can be made to automatically^ discharge their 
contents into a tunifcl common to all. A screw-conveyor running 
through thi% tunnel conckicts the cement to the packing room, yvhere it 
is lifted^ by an elevator to a h^per, from which ^t is drawn By spouts. 
Both in Continental and American works, Jbut especially in the latter, 
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owing to the high* cost of labour', -the packing is frequently done by 
macf\ine, for which purpose it is necessary that the cement should be 
drawn from silos or from a hopper placed overhead. 

For casks it is conven^nt to employ a machine, which not only 
delivers the cement into the casks, but also, by i/eans of a mechanical 
arrangem»iit,»provides that every cask shall be shaken during the filling 
process, so as to secure uniformity of loading. It is also possible t(f" 
connect such filling machines with a standard weighing machine which 
cuts off the supply of cement automatically as soon as the cask has 
received its full charge. To prevent the escape of dust the cask is 
covered with a«hood which can easily be adjusted by hand. By means of 
branched spouts it is possible to arrange for the filling of two or more 
casks simultaneously, all the casks being placed upon a rocking platform 
to shake' down the contents uniformly. An apparatus precisely on 
the same principle has been arranged for filling bags and for weighing 
the contents, the sujjply, as in the case of casks, being automatically 
cut off. 

Dust-Collecting Contrivances. — In whatever manner the Portland 
cement materials may be mechanically treated, it is impossible to prevent 
the formation at certain stages of the process of considerable volumes of 
dust, and this dust may not only become a source of danger and injury 
to the health of the work-peoplo, but it may also entail a sc^rious annual 
loss to the manufacturer, if precautions are not taken to keep it under 
control and to collect it by means of suitable contrivances. In order to 
separate dust from the atmospheric air in which it is suspended there are 
three systems available which are capable of giving good results : — (1) 
By the employment of filtering apparatus ; (2) by the aid of centrifugal 
force ; and (3) by bringing the air to rest in suitable chambers. 

The first of these systems may, if properlv carried out, free the air 
almost entirely from all the particles suspended therein. Air -filters 
usually consist of a number of sheets of cloth or flannel fixed in light 
frames, through which the air is caused to pass by an induced draught. 
It has been found advantageous in cement works to emj>loy a si)ecial 
apparatus for filtering purposes in which the frames can i'rom time to 
time, by means of taps and blows, be freed from the dust which has col- 
lected on the surface of the vertically-arranged cloths, and in which the 
cloth can be cleansed by reversing periodically the current of air, so 
as to blow out the dust from the pores. A filter of this kind has been 
produced by Messrs. Nagel <fe Kemp, and their apparatus provides a 
large filtering surface by arranging the frames in»a cylindrical chamber, 
so as tq. radiate round a central inlet ; the divsJty air passyig in at the 
bottom, alid the*^ purified air being drat.M out at the top by iVieans of 
a fan. . In another kind of filter, the patentee makes use of a series of 
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lengths of hose enclosed in a chaoTber ; the dust^aden air passes mt 
through the hoses and parts with the dust, which adheres to the Viner 
surface of the hose. The portions of hose are from time to time fr.e^d 
from the dust by being beaten or shaken, an| the pores are cleansed by 
reversing for a short time the direction of the air current, i ’ ese hoses 
are arranged in pairs in air-tight receptacles, and thS batt^^f/iHay consist 
^f any number of pairs from one to twelve, the total heiglit being 13 feet, 
and the diameter of the fans needed to work them ranging from 12 inches 
to 60 inches. The dust falls to the bottom of^the chamber, and may 
either be removed continuously by a screw-conveyor, or it may be from 
time to time withdrawn when the hoses are being cleawcd. Filters of 
this kind are largely used on the Continent in factories where much dust 
is produced. 

In some cases the filter itself is made to revolve, and by this means 
a large filtering surface is obtained in a comparatively small space. The 
filter cloth is star-aha])ed and fixed on a rotating drum, so that separate 
cells are formed which are cleaned automatically by ta[>ping. As the 
entire apparatus is contained within an air-tight cylindrical casing of 
wood or iron, it is entirely dust proof, and it can be made to work with 
its own fan or with any suitable draught producer. 

A filtering apparatus of a somewhat different type consists of a 
horizontal tube, the lower half of which is constructed of sheet iron, and 
the upj)er part of flannel or woollen cloth. The dust-laden air is passed 
into this tube, in which is fixed a revolving shaft furnished with spiral 
brushes. These brushes serve to carry the dust to the end of the tube, 
whence it is removed by a screw -convey or, while at the same time 
they free the woollen surface from dust and facilitate the exit of the 
purified air. 

The centrifugal system of dust collecting is much less perfect than 
any of those we have already described. The dusty air is admitted — in 
one form of machine, the “cyclone” — to an upper cylinder constructed 
of metal ir*a powerful current caused by a fan or blower. The current 
enters tangentially, and the dust follows the windings of a spiral until 
it reaches the outlet, and falls into a conical receptacle placed below the 
cylinder, while the air, freed from dust, escapes by an orifice in the top of 
the cylinder, and is usually permitted to pass up a pipe to the exterior 
of the building. 

Under the third method of dealing with dust, the settling chambers 
are usually of large size, and they are arranged to occupy some vacant 
area in the roofs or in tthe upper part of the factory. These chambers 
may conveniently be divided into cells by a series of hanging^ screens 
or framifs, covA*ed with canvasfand for readily ^llect^g the^dust the 
floors are often hopper-shaped, so that the.particles fall to the bottom 
and admit of easy removal 13 
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Theoretically tile action of such chambers depends upon the possibility 
of bringing the air into complete rest, and the extent to which this can 
be done is founded upon the relative size of the chamber as compared 
with the volume of the Pust-laden air which has to pass through it. 
Even under the best conditions, this plan of freeing the air from im- 
purities ?s faV from perfect, but very considerable quantities of dust can 
be intercepted by this means, and the annual value of the cement whict^ 
is obtained in this way will pay a good interest on the initial cost of 
constructing such chaihbers. 
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on AFTER XIV. 

THE COMPOSITION OF MORTAR AND CONCRETE. 


CoNTKNTS.— Definition of Mortar — Aelioti of Sand — Sand Weakens Cohesion — 
Opinions of Early Writers — Proportion of Sand A<jried — Vicat and Pasley on 
the use of Sand — Totten’s Theory on Sand Ad<lition — Size of Sand Grains — 
Seott on IVoportion of Sand — Preparation of Mortar — Artificial Stone — 
Ooncr«^,te — Arinonrcd or Rc-eiiforced Concrete. 

Definition of Mortar. — Mortar, as the term is commonly understood in 
this country, is applied to the mixture of lime or cement with water to 
form a plastic matrix for embedding or uniting together bricks or masonry. 
Such mortar invariably contains a certain proportion of sand. It was an 
opinion very widely entertained by the earlier writers on building con- 
struction that this sand had a beneficial effect on the mortar to which it 
was added, though we now know that there is no foundation for this 
belief. 

Action of Sand in Mortar. — There are perhaps certain cases in 
.which sand of a peculiar description and used in small quantities may 
tend to improve a sairiple of lime or cement, but such cases are quite the 
exception, for sand can only be regarded in the light of recent experi- 
ments as a diluent, or as tending to diminish the strength of any given 
specimen of lime or cement, and the only valid reason that can be urged 
for its use is the advantage gained in point of economy by the employ- 
ment of a cheaper material. It has been, however, pointed out that, 
when exposed to compression in mortar joints, the influence of the hard 
particles of sand, if duly compacted, may be beneficial, owing to the 
increased power of resisting a crushing strain possessed by the hard 
particles of ?|uartz, as eoinpar(‘d with the friable or putty-like mass of a 
pure lime morjar or even of a stratum of cement. 

Properties of Mortar, — Morta»* Suitable for ordinary buildings must 
have the consistency of a creamy paste, in order to work well under the 
trowel into the joints and interstices of the materials. It should have 
considerable power of adl^esion, so as to retain the substance with which 
it is being used iii position, and it should possess the power of rapidly 
indurating and of becoming in course of time as hard as tfie remainder of 
the structure, which it Should bind together into a species of monolith. 
Moreo/er, it should be cajitAle of resisting the attacks of the atmosphere, 
moisture, and the other destruSlive influences to \hich^ buildiligs are 
ordinarily exposed. 
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Jhfluence of Sand. — It will be obvious, therefore, that, apart from 

thfe qualities of the lime or cement, the sand which enters so largely into 
the composition of mortars of every description has an important function 
to fulfil, and though it d((9s not increase the strength of the compound, 
its action upon th^ mortar should be carefully studied. 

Sand mhy Act in Four Different Ways. — We may consider its 
probable effects under four heads. Firstf Respecting the cohesion of tfi? 
particles of the cementing material. Second, The adhesion of the lime or 
cement to the surfaces of the sand grains. Third, The possibility of 
causing weak places, due to the occurrence of several particles of sand 
in contact without a sufficient supply of cementing material to envelope 
them and to fill up all the interstices ; and lastly, the increase of 
strength the sand may produce in such cases in which the sand grains 
are stronger than the cementing material in consequence of the line of 
fracture being longer than it would be if no sand particles were present 
to interrupt the direct passage of the fracture in one plane. 

Sand Tends to Weaken Cohesion of Mortar.— Treating of these 
various points seriatim, we know from numerous tests, conducted by 
skilled observers, with every description of lime and cement, that the 
cohesion of the particles of mortar made from neat lime or cement is 
nearly always greater than that which is found to exist between the 
particles of the same cementing material when used with sand. If we 
regard the matter simply as oiie^of cohesion or adhesion, though wide’ 
differences doubtless exist between the behaviour of various qualities of 
sand, whether the surface of the grains be rough or smooth, or whether 
the lime or cement be capable or incapable of exerting a chemical action 
upon them, the general effect of sand, which retains its position in the 
mass by the force of adhesion only, is to lessen the force of cohesion. 
The diminution of strength will be greater in the case of fine sand 
than it will when coarse or large-grained sand is employed, and it will 
invariably be larger in direct proportion to the amount of sand we use. 
For in both these cases the surface to be covered with tiie cementing 
agent is enlarged. We substitute, in fact, a lesser force, t^at of adhesion, 
for a greater force, that of cohesion, the more sand we add. To the same 
extent, also, that we increase the amount of sand, we incur the risk of 
weak points from a deficiency of cementing material. The only benefit 
we can trace then to the employment of sand is the interposition of the 
sand grains into the direct path of fracture, which th6y tend to lengthen, 
and increase, and in so far as these grains are stronger than the lime or 
cement we are using, they may improve the moHar. 

Sitnd does not, therefore, improve fna Mortar.- -On the whole 
the advantages of the sand do not coufiierbalance the sources of weakness 
introduced by it into the mortar, and practical experiments confirm the 
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truth of these views. Mortar is, in facl), mer y rendCTed cheaper by tue 
employment of sand, but nOo in any sense impioved by its use. ^ 
Opinions of Early Writers o^ Sand in Mortar. — From the tiijie 
of* Vitruvius onwards all writers on the subj^-ct appear to have tak<*n it 
for granted that a due admixture of sand must tend to improve the 
mortar. The earliest builders no doubt found tha? lim^usftd alone, 
especially in the form of stucco, had a tendency to shrink and crack in 
drying, and that this failing could be corrected by the addition of a 
certain proportion of sand. Having once established this fact, we can 
well understand that it soon became a settled doctrine that the use of 
sand was a matter of necessity in the production of a good sample of 
mortar, but it is strange to find how greatly opinions have differed 
respecting the reasons for the beneficial effects of this addition, and 
witli regard to the jiroper proportion of sand to be employed. 

Proportion of Sand Added. — Vitruvius asserts that “when tlie 
lime is slaked it is necessary to mix 3 parts of sand, if the sand is fossil 
(pit sand), with 1 part of lime ; and if the sand is river sand to add 
2 parts of it to 1 of lime.” He goes on to say that these are the best 
proportions to use for mortar, and he accounts for the hardening of the 
mixture somewhat ingeniously as follows : — “ 'Idio weight of the lime 
after calcination is diminished about one-tldrd by the evaporation of the 
* watery parts; from this it results that the pores being empty they are 
better fitted than before to receive the admixture of sand, and to unite 
strongly with the blocks of stone to form solid masonry.” 

Theories for Use of Sand. — Many authorities, ancient and modern, 
follow Vitruvius and adopt his views ; some of them endeavour to invent 
equally fanciful theories to prove the advantages conferred by the sand. 
Thus Macquer states that “the particles of slaked lime adhere more 
closely to hard bodies than to each other, on account of the great 
quantity of water united to them, w'hich prevents their corning so closely 
into contact as they do with sand or cement (puzzuolana), for these 
substances absorbing a portion of the water of the slaked lime 
facilitate the ^Irying and adhesion.” The amount of water absorbed by 
sand would be infinitesimally smUll, and this theory is manifestly 
incorrect, though it has some show of reason in its favour. 

Invariable Rule Established to Add Sand. — It gradually became 
recognised as an establi^ed fact among builders that lime was capable 
of taking up a prescribed dose of sand (the amount assumed to be the 
correct proportion Varied greatly), and it was not untiT Vicat and the 
careful experimenters of the French school, and our own countrymen, 
Smeaton ^and* ]^asley, beg&Si to conduct independent tests that the old 
faith in the efficacy of sand began to be shaken. ^ ^ • 

Proper Proportion of Sand to be Use(>. — In the matter of propor- 
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tions'* there has been at all times a great difficulty in deciding exactly 
whut was really intended by writers upon this subject. Some authori- 
ties made their mixtures by weight, some by volume, some used lump 
lime, and others used slalf^ed lime, so that no two results are strictly 
comparative. The^ views of Smeatou on the employment of sand are 
sound and gb^)d. He states that : “ The use of sand in mortar, so far as 
I have been able to observe, is two-fold — 1st, to render the composition 
harder ; and 2nd, to increase it in quantity by a material that in most 
situations is of far lesj^'expense, bulk for bulk, than lime. As there is no 
apparent change in the sand by the admixt\ire of the lime, the sand seems 
only to render’ the composition harder, by itself being a harder body ; for 
the best sand being small fragments of flint, crystal, quartz, (tc., is much 
harder than any body we know of that can be formed of lime only, which 
in paste is to be considered as a cement to the harder material, and 
therefore composes a harder body; for the same reason that if we had 
nothing naturally but lime as a cement, and should build a wall with 
flints, crystals, or rough stones cemented therewith, this wall would be 
harder than if built with lime alone.” 

Vicat on the Use of Sand. — Vicat, whose experiments on cement 
were, as we have seen, more careful and elaborate than those of most of 
his predecessors, cannot be trusted when he deals with the question of 
sand addition, for he could not in this case shake off the trammels of 
routine, and he accordingly regardtHl sand as a necessary part of mortar. 
He, however, lays down rules for the proportions of sand to be em[)loyed 
with fat and with hydraulic limes, which show a sound appreciation of 
the subject, and he ^mints out that the quantity of sand must vary in 
accordance with whether the mortar is to be used in exposed or in pro- 
tected situations. He asserts that the “intervention of pure sand does 
not tend as was before believed to augment the cohesion of which every 
kind of lime indifferently is susceptible, but it is injurious to rich limes, 
very s(!rviceable to the hydraulic and eminently hydraulic limes, and is 
neither beneficial nor injurious to the intermediate kinds.” 

Pasley’s Rules for Use of Sand. — Pasley, whose protracted investi- 
gations into the nature of cement mixtures and the influence of sand are 
BO well known, did not fully recognise the facts of the case, for he seems 
to have thought that the strengtli of mortar was in some way or other 
related to its plasticity or pleasantness in worising. He tells us that he 
found that Hailing lime would not stand so large an addition of sand ^ 
as the common chalk lime, and he proceeds to stdte, “ every one will 
acknowledge that the proportion of sand which will make good mortar 
with dhalk lime would entirely ruin cement, Vhich is scarcely capable of 
bearing one-third of that quantity.” *"Of course he had in view the 
Roman cement of those d&ys which will take but little sand ; but he ^ 
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spoke from the workman’s point of view, and i agard^ a mortar as^ruined 
when it was “too short for use.” We now know that Portland c^ent 
will make a strong mortar with six volumes of sand, though few wprk- 
Sien care to use it when mixed in these proj^rtions. • 

Totten’s Theory as to Sand Addition. — We do not f r I any writer 
on this question who is entirely to be trusted untiPwe oafiie*to the ex- 
periments of General Totten, who employed a pure fat lime, and who 
clearly shows that each increase in the proportion of sand involves a 
falling off in the strength of the mortar; the hfUe alone furnishing the 
strongest mortar. His experiments, are set forth in the following table, 
which we have extracted from tlie valuable essay of •General Scott, 
published in vol. xi. of the Professional Papers of the Corps of Royal 
Engineers : — 


JSatuue of Lime. 

Composition of Moktar. The Lime Measured in Paste. 

0 Sand. 

1 Lime 

i Sand. 

1 Lime. 

i Sand. 

1 Lime. 

1 Sand. 

1 Lime. 

2 Sand. 

1 Lime. 

3 Sand, 

1 Lime, 

4 Sand. 

1 Lime, 

Smithfiold fat lime, . 

262-5 

245-6 

222 5 

214-7 

1 

170-3 

154-C 

135-1 


The lime used in these tests was carefully ground in a mill and the 
mortars were moulded into prisms 6 inches long by 2 inches square in 
section. They were then subjected to a pressure of GOO lbs. for a few 
minutes, and after 50 days were broken by a force acting midway 
between the points of support, which were 4 inches apart. Three trials 
were made of each sample, and the highest breaking weight is in each 
case recorded. In all the experiments made by Totten he found that the 
strength of the mortar diminished as the quantity of sand was increased. 

Importance of the Size of the Sand Grains. — Tlie size of the sand 
grains and the proportion of solids to voids in any given sample of sand 
is no doubt a subject of much importance in making mortar. It is a 
matter of*common knowledge that if a measure of known size be filled 
with dry satid, and if water is then poured upon it, the sand will settle 
down as the water is steadily adefed, and owing to a re-arrangement of 
the sand grains the mass will ultimately occupy a greatly reduced volume 
to that which it does in the dry state. Under certain conditions this 
shrinkage may amount *to 25 per cent, of the volume. In the course of 
some experiments at Bermuda by Colonel Nelson, R.E.^it was found that 
1 part of lime ponder when added to 3 parts of sand scarcely sufficed to 
fill the voids. In the form of paste it took 1 part of lime paste to fill the 
voids ill 6 jjJa^ts of sand! ^ 

The general experience is that coarse graiutsu augumr Hauu pruuuuot> 
a tougher and stronger mortar than a very*fine grained sand, though the 
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latter )Vorks more sweetly under the trowel. This is probably due to the 
larger air spaces caused by the cavities or voids of relatively larger area. 
The*- average voids in sand have been found by careful measurement to 
amouivt to about 33 per ceni. of the total volume occupied by it. No 
mortar can be regar^ded as wholly satisfactory in composition in which 
the voids in tlit?,sand are not filled up by the cementing material, because^ 
otherwise certain of the grains might be in contact and have nothing 
between them, to hold them together. 

Scott on Proportion of Sand to be Used.— General Scott, as the 
result of the careful consideration of numerous specifications, comes to 
the conclusion that if we are using the feebly hydraulic gray chalk lime, 
such as is generally employed in the London district, we may safely add 
parts or even 2 parts of sand to 1 part of slaked lime by volume. 
With a more hydraulic lime, such as that obtained from the lias forma- 
tion, he would use 2 parts of sand to 1 part of slaked lime; and with the 
pure chalk lime or the fat lime resulting from the calcination of a pure 
limestone, since the mortar so obtained is at all times very inferior, he 
states “if we are compelled to use such miserable stuff we shall not be 
losing much in resistance if we increase the quantity to 3 i)art8 of sand 
to 1 part of lime.” 

The Preparation of the Mortar. — All the earlier writers on mortar 
laid great stress upon the thorough incorporation of the lime and sand, 
and it would seem by the price-boots of the last century that in this 
country it took quite a day for a labourer to beat together the ingredients 
necessary to make 1 cubic yard of mortar. At the present time in all 
im])ortant works the mortar is mill-made, and in this way, no doubt, a 
far bett(5r mixture of the sand and lime is obtained than by the old- 
fashioned system of beating or larrying. 

Experiments on the Strength of Moifcar. — Many writers have 
experimented on the strength of the various descriptions of mortar, and 
it is not our intention to go into this question more in detail in the 
present chapter, as we shall have to revert to this branch of the subject 
in our chapter on cement testing.* ^ 

Concrete. — We have still to deal with the question of concrete, a 
term of recent origin, which has been considered by some authorities to 
be derived from the Latin word concresco. This may be taken to mean 
to grow together, or to consolidate. By “ concrerte,” or the French word 
is meant a conglomeration of small stones embedded in a matrix 
of cement or mortar. There are natural examples of concrete in the 
“ pudding stones,” where gravel pebbles are united together by oxide of 
of iron, etc some similar binding agent, into a hard mass. jBuildipg with 

’ f < f 

, * In Appendix A (folding table) will be found some experiments by Mr. Kirkaldy 
on various descriptions of mortar. ' 
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asserted that certain of the Pyramids of Ej^'ypt were constructed with 
artificial blocks of small stones and lime. Many of the earliest buildings 
in this country, dating back to the time ofij^he Roman occupation^ were 
evidently constructed of a species of coarse rubble-work v herein frag- 
jnenta of stone and Hint are embedded in lime mortar. 

Artificial Stone. — As the knowledge of the })roperties ol cements 
became extended, it soon occurred to ingenious minds that these 
materials might be employed in the formation ot*artificial stone, and this 
idea was first worked out upon a practical scale in France. Towards the 
close of tlie eighteenth century several inventors madfe known their 
processes for moulding a mixture of cement, sand, and gravel. The 
first experiments in this direction appear to have been due to a Toulouse 
architect, M. Lebrun. He used a specially prepared cement, which he 
made in a lime kiln; this cement, to which ho gave tlie name of “hydro,” 
was composed of a mixture of lime, clay, and powdered coke or charcoal. 
The calcined material was ground and mixed with varying proportions 
of sand into a very stiff paste, witli a minimum of water. This paste 
was at once inti'oduccd into the moulds and well rammed with a beetle. 
The artificial blocks made in this way were sometimes of a considerable 
size, and arches, with a span of upwards of 30 feet, were constructed 
under Lebrun’s system. 

Ranger’s Concrete. — Jn this country the concrete constructions of 
Mr. Ranger, about the year 1832, for which he obtained patents in 
December, 1832, No. 0341, and again in 1834, No. 0729, attracted con- 
siderable attention. The wharf wall of Woolwich Dock Yard was 
erected by this process, and its subsequent failure, due rather to insecure 
foundations than to a defect in the material, for a time brought concrete 
work into discredit.* 

Vicat, in his work on mortars, describes a rude system practised in 
Piedmont for the production of artificial blocks of stone. Pits or trenches 
are excavjftcd in a stiff clay soil to a depth of about 4 feet, and the sides 
are carefull^^ trimmed to the requisite dimensions, and thus constitute a 
species of mould. A mixture of Tiydraulic lime and sand is then intro- 
duced, and large pebbles are inserted by hand in such a way as to cause 
tlje compound to be driven into all parts of the mould, the top is levelled 
off with a trowel, and •then the whole mass is carefully covered over 
with about 2 feet of soil, and left for two or three years to become 
indurated. The Mine used for this purpose is obtained at Casal, and is 
one rich in magnesia. The blocks formed in this way in a damp soil 
obtain ^ surprising degree* of hardness, and may be drop|>ed one on to the 
other from a height of 20 feet without injury. * 

* Soft Pasley’s work, p. 21 ; and again tn his Appendix, p. 30. 
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Concrete in FM-nce and England. — In consequence of the inven- 
tion/ of M. Coignet in France, and of Mr. F. Ransome in this country, 
increasing attention has in recent times been paid to the production of 
monolithic structures formal of gravel or ballast, aggregated togethef 
into masses by means of lime or cement. Concrete is really a mortar 
matrix, sefvhig to llind togetlier a suitable proportion of jjebblcs, flints, 
or broken stones. The amount of lime or cement to be used in making 
concrete must thus be to a certain extent determined by the nature of 
the materials to be em<^)loyed as aggregates. It ought theoretically to 
consist of a perfectly made mortar, sufllcient in quantity to fill the voids 
of the larger materials, for which it is to be used as the incorporating 
medium. The proportion of lime or cement may vary from one-seventh 
to one-twelfth of the aggregates, but no concrete can be really sound and 
good where the materials — the sand and gravel — are not properly 
adjusted. We mean by this that the lime or cement should bo sufficient 
to amply fill the interstices of the sand, and the lime and sand mortar 
should properly fill the voids in the larger masses of stone. It has been 
found by careful measurement that while the voids in pebble-gravel will 
average about 34 ]>er cent, of the volume it occupies when dry, the voids 
in broken stone may average from 40 up to 50 per cent, of the volume. 
Taking a mortar comi) 0 .sed of 1 part of cement to 3 parts of sand, we 
might safely add, for the purpose of concrete-making, 3 parts of gravel 
to 1 of mortar, or 2 parts of broken stone. In some specifications, 
however, these limits have been dangerously exceeded, and there is 
sometimes a failure to apportion properly the sand and the larger 
aggi-egates. When concrete is merely used as a material for foundations 
in trenches this is not a matter of very great importance, but where the 
concrete is to be used moulded into blocks, or in order to form mono- 
lithic structures, it is very necessary to study these matters with care. 

Experiments of Mr. A. F. Bruce on Concrete.— The observations 
of Mr. A. F, Bruce, who has carried out numerous experiments re- 
specting the strength of Portland cement concrete, and whosA- investiga- 
tions are published in vol. cxii. of the JMin, of Proceedings of the Inst, of 
Civil Engineers, will show the importance of attending to these details. 
By careful manipulation of the ingredients and accurate adjustment of 
the proportions some excellent specimens of concrete known as “ bHons 
cLgglomerh^’ are produced in Prance, and have been employed for very 
numerous purposes, for which stone or terra cotta is used in this country. 

Cement and Concrete Mixing by Machinery.— Machinery has in 
recent years been introduced into all large works for the preparation 
both of mortar and concrete, to supersede the fbi'mer slow and cumbrous 
method ol hand-mixing. In the case of nior tar- making many advantages 
are no doubt obtained by the use of edge-runner mills of , sufficient size, 
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especially where lime has to be incorporated with ffurnt ballast * In the 
case of cement mortars the employment of the ordinary mill sefms to 

Jet?/ and to 

etard so.newhat the initial set of the cem^^t, hut if, for cement mortars, 

rollers are taken out of a revolving-pan mill and replaced by a fixed 

m“aires r l’ “ i«ieur.ed,\>^.ich greatly 

nirj asses hand-gauging. For the preparation of concrete, numerous 

mechanica devices are available, all of which are immeasurably superior 
-o hand labour, for in all of them a very intiniafe admixture betwemi the 
-ementing material and the gravel or ballast is secured, and great uni- 
orm.ty in the adjustment of the proportions is attained. In order to 
produce the best results, a careful study of the voids in the sand, as 

i., .. .M, 

Arinoured or Reinforced Concrete.-The employment of concrete 
in construction m now making vast strides owing to the enormous gain 
in strength which is attained by the judicious use of an iron or steel coi-e 
or in tlio case of slabs or thin blocks, by the employment of wire netting 
or perforated iron plate, the so-called “extended metal." The wei-^ht 
of iron which was formerly introduced in the shape of rolled joists,for 
instance in flooring, has been j, roved to be quite unnecessary, and it 
suftces to employ twisted rods of small section, embedded in the centre 
of the concrete, to impart a degree of strength which is greatly in excess 
of that which would pertain to the sum of the strengths of the concrete 
and of the rods used separately. Experiments tend to prove that in 
armoured concrete the iron core acts in tension, while the concrete 

whicTI '* '"•“P'-^s^ion. The subject of reinforced concrete, 

which has been much studied, both on the Continent and in America, 
must be reserved for a future volume. 
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CHAPTE ' XV. 

CEMENT TESTING. 

Contents.— Early Cement Tests — Their Doubtful Value — Pasley’s Test ^ —French 
Tests — (grant’s Tests — Briquette Making — Early Specifications for Cements — 
Cost of Testi/^»g — Defects in mode of Testing — Specific Gravity Test — Form of 
Test-l>ri(juettcs — Instructions for Testing by Mr (Jrant — Professor Unwin on 
Cement 1’esting — Induration of Cements— German System of Testing — Adie’s 
Testing Macliiiie— The Gorcham Flourometer — Arnold’s System of Testing. 

Early Cement Tests. — The makers of the quick-setting cement of the 
Roman cement type were fond of displaying the tenacity and tensile 
strength of that material by the construction of horizontal beams of 
brickwork, which were built out from a wall a brick at a time. Some- 
times a whole day was allowed to elapse between the placing of each 
brick ; at others the fresh bricks wore added a.s soon as the last made 
joint had become set. For this purpose some five or six minutes would 
suffice with the be.st quality of Sheppey cement, and General Pasley 
observes : “ It was stated in my prcsd&ce at one of the meetings of the 
Institution of Civil Engineers, by members of that Society, that so many 
as thirty bricks had been stuck out in one day, and thirty-three bricks 
in thirty-three days in the .same manner.” Messrs. Francis had similar 
beams at tlieir works, and General Pasley tested his artificial cement 
both by building out the beams with the bricks laid horizontally, and 
also with the bricks arranged in a vertical position, in which latter case 
a far greater number could be supported. 

Doubtful Value of these Tests. — He says, when speaking of this 
system of testing : “ Considering that this mode of setting obt bricks 
from a wall, though an excellent test of the quality of differ^.nt sorts of 
cement, if always done under the like Circumstances, might be su])posed 
doubtful, if executed by workmen of unequal skill, or not precisely in 
the same manner, and in different states of weather or of temperature ; 
and considering also that a pier [beam] of tliis sort, exhibited at the 
premises of any cement manufacturer, might not be considered satis- 
factory by persons'* who had not been actually present ‘at the time the 
bricks were placed ; since there can he no doubt tfiat, by permanently 
supporting such piers for several months, a miich greater effect would 
be produced' than *by the mode I have described of only holding each 
Successive brick a few minutes by a trowel ; it therefore appeared 
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desirable when* we first prepared €or cDmmencii% those exp^imental 
piers [beams], to make arrangements also for trying the com|Arative 
strength of the same from artificial mixtures by tearing them gradually 
to pieces by a dead weight.” 

General Pasley’s Tests. — He then describes a plan of uniting three 
(afterwards four) bricks together on the flat by Iwo joint^ of 9 inches 
by inches, having mortises cut in the upper and® lower bricks for 
receiving iron nippers. After allowing from thirty-six to forty-three 
days for the induration of the cement, the joy^ts were torn asunder by 
gradually applied weights, laid on by 1 cwt. at a time, in an apparatus 
which was in the nature of a gigantic scale-pan. was found that 
when only three bricks were used the weight generally fractured the 
uppermost bricks by tearing them apart at the mortises, so that in the 
later experiments four bricks were used, and the mortises were cut in 
the top and bottom bricks, by which means the solid part above and 
below the mortises is strengthened by the thickness of one entire brick 
and a cement joint, leaving the centre joint only exposed to the full 
action of the breaking apparatus. 

Unscientific Nature of the Early Cement Tests. — All of these 
tests, and even those obtained in later times by joining two bricks 
together crosswise, so as to obtain a cement or 
mortar joint 4| inches by 41 - inches = 20| square 
inches in area (see Fig. 46), were far from scientific, 
and it was not until recent times that the more 
accurate and reliable system of using briquettes, 
having a standard area at the neck or point selected 
for fracture, came into use. These notched briquettes 
appear to have been first used by French engineers. 

For an early test of Portland cement briquettes of 4 6. —Bricks 

this kind, see the experiments at the 1851 Exhibi- joined crosswise for 
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tion, p. 40. ^ 

The.Value of Portland Cement made known by Testing. — The 
estimation in which Portland cement is at present held, the reputation 
it enjoys *among engineers, and* indeed its high position as a building 
material are mainly due to the tests it has undergone in the past, and 
to its behaviour under others of like character and of increasing severity 
that are constantly bejng applied to it. It was pointed out many years 
ago at the Institution of Civil Engineers that, in introducing a cement 
of this nature,^t was very necessary to adopt some general standard of 
excellence, and th§ first record we can find of any systematic experi- 
ments wijbh Portland cement were those conducted by the IngMeurs 
des ?onts dt Chauss^es, by^whom this materii^ was ^mploy^d on a large 
scale about 1848 to 1850. 
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Ea^^y French Toasts of Portland Cement.— The French tests in 
use a/that period were in the main as follows : — 

Specific weight 1,200 kilogrammes per cubic metro, or 96 lbs. per imperial^ 
bnsliel. ' 

Tensile strength of briquettes on the area of 2-25 square inches. 

'* ' CViuenl.. I 1 Oeiuent to 2 parts Sand. 

Kilop:rainmes. Llw. ■ — 

In 2 days, . . 64 ~ J41 

,, 5 ,, . . 12S = 282 

,, 30 ,, , . 2-i0 = 528 

Tests by M;p, Druce and Mr. Rendel. — Very shortly after this 
date Portland coinent Avaa used extensively on English harbour works by 
Mr. Kendel and by Mr. Druce at Holyhead and Dover, and these gentle- 
men subjected the material to searching tests, but it does not ajipear 
that its compliance with any dehnite standard was at that time insisted 
upon. 

Mr. John Grant’s Tests. — The engineers of the Metropolitan Board 
of Works were tlie first public ollicials in this country to institute 
analogous te.sts to those adopted in France, and to the late Mr. John 
Grant/, M.Iiist.C.E., who was mainly responsible for these tests, and who 
on several occasions presented to the public the results of tlie long and 
laborious investigations carried out by him respecting the strength of 
Portland cement, we are largely indicted for our present knowledge of 
the properties of this material, and for the vast improvements which 
manufacturers have been able to eftect in its quality of late years. 

Mr. Grant’s Essay on Cement in 1866. — In a paper entitled 
^‘Experiments on the strength of cement,” communicated to the Institu- 
tion of Civil Engineers in December, 1865, Mr, Grant described the 
steps taken by him during the construction of the southern portion of 
the Metropolitan Main Drainage Works, in order to ensure the use of 
^•ement of the best quality only. He points out that previous to 1859 
Roman cement was with but few exceptions employed for the iinverts of 
the London sewers, the arches being set in blue lias lime, and Portland 
•cement being “scarcely ever tried.” > It was, in fact, until this time 
chiefly employed as a stucco, and in ordinary building operations, though 
it had been, as we have seen, used at Dover and elsewhere mainly for 
the formation of concrete blocks, and it had already been largely adopted 
iibroad. 

Mr. Grant’s First Specification Based on Teats. — After some 
preliminary tests with samples of cement procured ior the purpose from 
various manufacturers, and some corresponding trials of cemep^.t obtained 
from the 'makers in the* ordinary way, thesollowing clause 'was inserted 
in the specification for the Soil them high-level sewer, dated 1869, being 


64 


141 

128 


282 
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wjt? urst uuiibijtui/ under ^he Mftrop(L»lita»* Board of^JJVorks on th^ south 
si^le of the River Thames : — ^ 

“The whole of the cement to ho used in chese works, and referred i-o 
TPti this specification, is to he Portland cemont, of the very best quality, 
ground extremely fine, weighing not less tlian 110 lbs. to the striked 
bushel, and capable of maintaining a breaking weij:ht o{ iJv^lbs. on an 
Virea 1^ inches by inches, equal to 2^ square inches, seven days after 
being made in an iron mould of the form and dimensions shown on 
drawing (see Fig. 47), and immersed six of thost .daj’S in water.” 

Briquette-moulding Machine. — In order to prepare the re(|uisite 
test-briquettes, a moulding machine of simple construction was intro- 
duced, and bell-nu‘tal moulds, having a sectional area of 1;V 
inches by H inches at the breaking point, were employed. 

The moulds were originally provided with linings or 
templates of thin iron, which exactly fitted them and 
enabled the briquettes to be removed directly they were 
formed. The moulding apparatus, as also the testing 
machine, were made by JMr. P. Adie, and these appliances 
were speedily adopted by all cemeiit manufacturers as well 
as by most large users of cement, while this system of 
testing sooTi became the recognised plan of judging the 
quality of cement throughout the country. 

Tests made by Ordinary Workmen. — No difiiculty 
was experienced in training an ordinary workman to carry 
out these tests, and the process was found to answer well 
in the case of the 70,000 tons of Portland cement used 
during the construction of the first portion of the outfall works. 

Objections to Severity of Test by Manufacturers of Cement. 
— It seems now somewhat strange to read that in tlie first instance 
objection was taken by manufacturers to tlie standard then proposed 
of 400 lbs. tensile; strength to the 2J square inches, and it was urged 
that 300 ,lbs. would he the highest attainable strength in actual 
practice. It was soon found, however, that this was not an unduly 
onerous stijTulation for the cemenUtrade, and indeed it shortly afterwards 
became possible to raise the tensile strength considerably. Thus the 
clause already given was amended, so that the tensile strength demanded 
was 500 lbs., and the co/itractor was compelled to keep in store upon the 
works “ a supply of cement equal to at least fourteen days’ requirements,” 
and with each delivery of cement he was to “send te the clerk of the 
vvorKS a memorandum of the number of bushels sent in, and the name of 
the manufacturer.” , • 

Mo*diflcafion in Speciftcation about 18i6.— Vltimat^ly, •about 
1865, the clause was again amended, whgn it read as follows: — “The 






Fig. 47. 
Mr. Grant’s 
Original Test 
Ikiquetto. 
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whole ^of the ceme|??t shall belPort/and cement of the Very best quality, 
groi^xd extremely fine, weighing not less than 112 lbs. to the striked 
bushel, and capable of maintaining a breaking weight of 250 lbs. per 
square inch (562*5 lbs. on square inches), seven days after being made 
in a brass mould, and immWsed in water during the interval of seven 
days. Tli^ '•aontractf t shall at all times keep in store upon the works a 
supply of cement equal to at least fourteen days’ requirements; and with 
each delivery of cement shall send to the clerk of works a memorandum 
of the number of bushels sent in, and the name of the manufacturer.” 

Tensile Strength again Raised before 1870 .— Before 1870 the 
standard strength was again raised, and in the specifications for the 
Southwark Park and subsequent works it was stipulated that the cement 
should be “ capable of maintaining a breaking weight of 350 lbs. per 
square inch (787 lbs. on the breaking area of 2;^ square inches), tested 
as before. Ihus in a little over ten years the standard strength had 
been nearly doubled, and from the tables given by Mr. Grant it would 
appear that many samples were considerably in excess of the specified 
requirements; the Burham Company having supplied over 320,000 
bushels, showing an average breaking weight of 825*73 lbs. on the 2-J 
square inches ; even these figures having been exceeded by certain other 
makers who furnished smaller quantities of the material. 

Cost of Cement Testing as Carried out under Mr. Grant. — 1 1 is 
interesting to notice these facts a.s hearing upon the steady improvements 
made in the quality of Portland cement. Mr. Grant states that the 
entire cost incurred in testing the cement furnished during a series of 
years to the Metropolitan Board, during which period woi’ks to the 
value of upwards of £1,250,000 were executed, was about five farthings 
per ton of cement. 

Defects in the Present Mode of Cement Testing. — It is some- 
what unfortunate that the tests first adopted in this -country, and which 
have thus furnished the precedent for the majority of engineering 
specifications, from the fact of their being carried out with n^at cement, 
tail to accentuate some of the most imjmrtant jiroperties of this material, 
among others the power of binding together various propofuions of sand 
and other aggregates. The tensile strength, moreover, furnishes us with 
a knowledge of the behaviour of the cement under conditions which 
seldom or never come into play in actual work, and the stipulations 
respecting weight and fineness of grinding are somewhat loosely worded, 
in that they fail to indicate with sufficient precision the manner in 
which the weight is to be taken and the exact cbagree of fineness to be 
attained in the milling, which latter can only shown by careful sieve- 
tests. 

Weight Test liable to Considerable Errors. — The mode of filling 
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the bushel measure, which is one uiiAece^arily lar^ for testing f^u^poses, 
js a matter of great importance. This subject was brought under the 
attention of the Institution of Civil Engineers during the discussion on 
‘Mr. Grant’s paper in 1865, by Sir F. J. Bijainwell. He stated that “he 
knew by experience that when dealing with granulated matter, it was 
almost impossible, even witli the greatest care, to^et unifuAiity of con- 
ditions in the respective trials; that was to say, to get the same amount 
of granulated material into a particular measure. In corroboration of 
this he would state the results of what he had«lried lately. A quantity 
of cement was poured into a bushel measure by a man accustomed to the 
work, and struck ofl’ level ; it then weighed 107 lbs., exclusive of the 
weight of the measure. Then another portion of the same cement was 
poured slowly out of the sack down an inclined board into the bushel 
measure and it then weighed only 97 lbs.; he then had it shaken down 
in the measure and the weight then got up to 132 lbs." 

Sir P. Bramwell proposed a Specific Gravity Test. — Sir F. 
Bramwell pointed out that “when it was found that with the same 
measure of capacity and the same material there could be a variation of 
from 97 lbs, to 132 lbs., he could not help thinking, if a test of gravity 
could be obtained which was not liable to these variations it would be a 
very desirable thing." Ho further stated that the weight test “ should 
be combined with that of sifting," an axiom that subsequent enquirers 
have amply confirmed. He said that if this was not done, “the require- 
ment as to weight was liable to act as a premium for coarse grinding." 
In confirmation of this assertion he adduced the following figures: — 
“ He had sifted through a sieve of 900 holes to the square inch, a certain 
portion of the cement which weighed, as before stated, when very care- 
fully put into the measure, 97 lbs., and when put in in the ordinary way 
107 lbs. to the bu.shel ; those portions which would not go through the 
sieve were then poured into the bushel measure with the same care as 
that which made the unsifted weight, as previously stated, only 97 lbs., 
with this^jare the coarse weighed as much as 101 lbs., and when shaken 
down hard into the measure 144 lbs., whereas the unsifted cement had 
weighed, as*before stated, only 13^ lbs. He then took by themselves the 
fine particles which had pas.sed through the sieve and they then weighed 
only 98 lbs, (93?), as against 97 lbs., and when shaken down 130 lbs., as 
against 132 lbs. for the jtnixed, and 144 lbs. for the coarse." 

From these experiments he was led to believe that with the weight 
test, in its prese^nt form, “ there might and probably would be badly 
ground cement present in the mass.” 

Specifiq Gravity ascertained by Sir P. Abel. — From some further 
tests on this*same cement made by Sir F. Ab^ at WoolwiCh, it was 
ascertained that the specific gravity was 3 ’ll, equal to a weight of 249 
• U 



210 CAlAAf,E(;US CEMENTS. 

lbs. 'bushel, whicii would seem lo show that if the cement could be 
obtained in a really solid form it would weigh 249 lbs. per bushel, tlv 
observed difference being solely due to the voids. 

Spbcifie Gravity Test ^ot Suited for General Use. — This sug 
gestion respecting a specific gravity test is a matter of considerabL 
importance, an(^ tliough this plan has received much attention from 
subsequent experimenters, it has never become popular, as it is rather 
too refined a test for actual practice, as Sir F. Brarnwell himself, indeed, 
appeared to think. 

The specific gravity test, moreover, has been shown to fail to indicate 
reliably the degi'ee of calcination to which the cement has been subjected, 
and it certainly furnishes no guide as to the quality of the material. It 
has been pointed out by German chemists that Portland cement j^robably 
acquires its relatively high specific gravity before it is completely burnt; 
certainly before the stage of incipient fusion is attained, at wliicli time, 
owing to the formation of a slag-like mass, we might have ex{)ected the 
molecules to bo drawn together more closely, leading to an increase in 
density. We have given some figures relating to this test in the 
chapter on Cement Analysis, p. 90. 

Form of Early Teat-Briquettes. — All of the earlier tests under 
Mr. Grant were conducted, as we have seen, with briquettes having a 
sectional area at the point of fractur(‘ .of square inches. Mr. llcid in 
his work on cements* takes the credit for having suggested the pattern 
first used; this was avowedly copied from French specifications, which 
involved the use of a briquette of the shape shown in Fig. 47, the notch 
forming the neck to receive the clijis being cut out by hand from a solid 
casting after the lapse of a prescribed period of time. This must have 
been a somewhat clumsy plan, necessitating considerable waste of time 
and money, and it was, moreover, very liable, we should think, to lead 
to erroneous results in the tests, due to injury to the briquette during 
the cutting process. The French tests, on a sectional area of square 
inches, were of course based upon English measurements for ohe benefit 
of manufacturers in this country who at that period were ^lone able to 
supply the cement. * 

Proposal to increase the Sectional Area of Test-Briquette. — 
At the time of reading his first paper on the subject in 1865, Mr. Grant 
was of the opinion that it would be advisable •ip modify the shape of 
the test-briquette and to increase the area at the point' of fracture to 2 
inches x 2 inches = 4 square inches, the new form of l/riquette proposed 
for ‘this purpose being shown in Fig. 48, with shackles made to fit the 
same. This new shape was, however, speedily abandoned in favour of 

" t I * 

, * The Science and Art of the Manujacture oj Portland Cement ^ ... by Henry 
Reid, G.B. London, 1877. 8vo. ' 
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,^that shown in Fig. 49. It will be seen tl^at the cffp in this ca^e*J.asses 
tiirough an aperture in the solu. ends of the briquette, small castings 
being inserted in each aperture so as to piovide a knife-edge bearing for 
the shackles to strain against. These frequent changes of form, and the 
many efforts made to obtain reliable results in ^he earj^v- history of 
^ement testing, are extremely interesting. 



Fig. 48. Fig. 49. Fig. 50. 

Briquette with SoftiorialAnsaat Breaking Modified Arrange- Improved 

Point of 4 square inche.s. ment for I'csting Pattern of 

Briquettes. Briquette. 

Influence of the Form of Briquette on the Tensile Strength. — 
In his second paper on the strength of cement, dated April, 1871, Mr. 
Grant gives a valuable table which we here re‘produce, showing the 
results obtained by the u.se of the various forms of briquettes employed 
prior to 1806. It will be seen that ten difierent patterns were tried, the 
best results being obtained with NTos. 2 and 3, and it was, therefore, 
decided to employ briquettes of the former of those shapes for all future 
experiments. Many of these patterns were tried in order to discover 
the best mode of avoiding any distortion or departure from the line of 
strain. The plan originally adopted with this object was that shown 
in Fig. 4^, .subsequently altered as seen in Fig. 49. It was found, 
however, th»t this modified arrangement frequently broke at the holes at 
each end, instead of at the neck, and it was in the attempt to avoid 
accidents of this kind that knife edges were inserted in the eye and pin 
at each end. The fiddle-shaped mould, No. 10 in table, did not break 
uniformly at tl^e neck, the slightest distortion causing it to break 
obliquely in a diagonal line. Distortions and irregular strains were 
often caused by the slifiping of the clips, or by the tendency of certain of 
4;he clips to open when^^e strain was applied, and in order to obviate 
this th^ clips twere strengthened. The form fir.^ usec^ with ^he sharp 
Angles, shown in Fig. 47, often broke very irregularly owing to imper- 
fections in th(f bearing surface of the clips, and this evil was reduced 
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to a iftiiiimum by rounding off Ihe edges, as seen in the improved pattern, 
Fig. 50. 

Results or Experiments on different Forms of Moulds. Weight of Portland 
Cement; USED, 11| lbs. per Bushel. October and November, 1866. 





DimensioHs 

At 7 Days. 


At 30 Days, 










No. 

Foriii. 

at lireakinjj 
Point. 

4- 

breaking 

Weight. 

Breaking 
Weight per 
Square Inch. 

Average 

per 

Square 

Inch. 

Breaking 

Weight. 

Breaking 
Weight per 
Square Inch. 

Average 

per 

Sciuarc 

Inch. 

1 


1 

irxir 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 


778-1 

345-8 


1010-7 

449-2 


2 

[ 

[ 


ditto 

1034-7 

459-9 


1151-6 

511-8 


3 


] 

ditto 

1064-3 

473-0 


1145-4 

509-0 


4 


i 

diti 0 

918-9 

4^-4 


969-0 

430-66 


5 



ditto 

924-0 

410-6 


967-0 

429-8 

I 422 

6 


1 

ditto 

860-0 

382-2 


912-1 

405-4 

/ 

7 

1 

1 

2"x2" 

1199-2 

300-0 

\ 

1354-7 

330-7 

j 

8 

1 

a 

ditto 

1172-6 

293-0 

>297 

1315-1 

328-8 

>337 

9 


i 

ditto 

1190-5 

297-6 

) 

1371-2 

342-8 

) 

• 

i 





1 

« 

‘ i'65-0 


10 



ditto 

, 1286-3 

321-6 , 

1 

1460-3 
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New Shape*of Briquette not a^Suofess. — A^ill be evidgr^ from 
table, none of the improved shapes tested about thi. ti gave 
results that were fairly comparative with those obtaii ed vitli^ the 
briginal pattern, and this form was ultimately adopted for all sub^quent 
tests, comprehended in the series covered iSy Mr. Grant s earlier papers, 
but in reverting to the use of the original clips, knWe edgeb^\^»re inserted 
in the eye and pin at each end. * 

Area of Briquette at Point of Fracture. — Following the precedent 
of the German experimenters, the size of the iest-briquette in common 
use in this country has in recent years 
been reduced, and it is now customary to 
employ briquettes having a sectional area 
of only 1 square inch at the point of frac- 
ture. Mr. Grant in his paper on Portland 
cement, read before the Inst, of Civil En- 
gineers in May, 1880, gave some excellent 
instructions for the testing of cement, which 
we herewith reproduce, because his long 
experience entitles him to speak authorita- 
tively on this matter. He had by this time 
been converted to the value of the sand 
test and the use of small briquettes. The 
form employed by him in his later experi- 
ments is shown in Fig. 51. 

Instructions for Preparation of Test- 
Briquettes. — The following were Mr. 

Grant’s instructions for making the tests: — 

Take enough cement to make as many 
briquettes of either neat cement or of 
cement with sand, as may be required. For 
neat, about 3*20 lbs. of cement will be 
required *10 make ten briquettes of the 
smallest s^e of 1 inch sectional area, and 

16 lbs. for ten of the larger si«e of 2-25 « ol'-l^'-iquette having 

. ® hectional Area of 1 square 

square inches area. About 1 lb. of cement inch. 

and 3 lbs. of sand will make ten of the 

l-inch briquettes. 50J> grammes of cement, 1,500 grammes of sand, and 
200 grammes of water will make ten of the German normal briquettes 
and allow for waste. ^ For testing the cement in different sacks, casks, or 
bins, a sample may be taken from each and numbered. For experiments, 
or to get averages, th^ iamples may be taken in equal quantities from 
each and mixed. The cemSnt, unless it is go^ng tef be usfd at once, 
ought to be spread in a thin layer on » slate or piece of wood, and 
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expo|e(l^ to cool dr^ air as ijrng as may be neces8ar5'. With newly- 
grounll and quick-setting cements it is important to ascertain that th^ 
are fit for immediate use. Two cakes of neat cement 2 or 3 inches in 
diame/er, about ^ inch thick with thin edges, sliould be made, and thb 
time noted in minutes thai they take to set sufficiently to resist an 
impression# of tfie finger-nail. One of these cakes, when hard enough, to 
be put into water and examined from day to day to see if it shows any 
tendency to “ fly,” by cracks of the slightest kind, beginning, and being 
widest at the edges. With slow-setting cement, however, cracks on the 
surface, beginning at the centre, are merely the result of the surface 
drying too rapidly from exposure to a draught or to external heat. The 
other cake to be kept in air and its colour observed. A small quantity, 




which may be 1, 5, or 10 lbs., or 10,000 grains = 1^ lbs., to be sifted 
through the three sieves of 2,580, 5,800, and 32,257 meshes to the square 
inch, and the proportion by weight that will not pass through each sieve 
tested. The cement should be weighed, using a filler of either an 
imperial bushel measure; or a box of of a bushel capacity, which 
may be a cube of 6 inches by 6 inches by 6T6, or a cylinder of 6i 
inches diameter and 6 684 inches in depth (see Figs. 52 and 53). The 
weight to be taken in lbs. and decimal parts. Ten briquettes to be 
made with one part, by weight, of cement to three of sand which has been 
washed, dried, and passed through a sieve 6i 20 and caught on a sieve of 
"30 to the lineal inch. Twenty more briquettes may be made of neat 
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cement, to be :ested .^8 to strengtli afti^ seven twentj-ei^li^ days 
J’he proportion of water (as of sand) to ue to the cement by weight, viz., 
neat cement frcm 20 to 25 per cent, (or more) according to the fiMoness, 
the age or other conditions of the cement and the temperature o^the air. 
With 3 parts of saml to 1 part of cemeiil, 10 per cent, of the weight of 
the united cement and sand will, as a rule, serve. % SutHci^nt water must 
be used to make a stiff paste, but no more. When dement is new or 
hot, lightly burnt, finely ground, or made up in hot weather, it takesr 
more water, but a very little more than is sjjifficient to make it into a 
stiff paste will sensibly diminish the strength. With 3 parts of sand to 
1 part of cement the quantity of water required hart^ly varies from 10 
per cent. A number of pieces of wet blotting-paper, a little larger than 
the mould, one for each mould, may be laid on the slate or marble bench, 
and the moulds put upon them. The moulds are filled with a small 
trowel, and the briquettes made with the spatula (see Fig. 65), the mortar 
being beaten till all the air has been driven out and the mortar has 
become elastic. The surplus is cut olf level, and the surface left smooth. 
Dr. Michaclis, of Berlin, recommends another system of making briquettes 
of neat cement, which, however, is not adapted for very quick-setting 
cements, nor for briquettes made with a mixture of sand. It is known 
as the gypsum-plate process. The cement is mixed with from 30 to 35 
per cent, of water, and poured into moulds resting on sheets of wet 
blotting-paper laid upon plate.s of plaster of Paris. The moulds are 
tapped or shaken. About 50 per cent, of the water is quickly absorbed, 
and, if necessary, more of the cement is added. The surface having been 
smoothed with a trowel or knife, the briquettes are dexterously dropped 
out of the mould. This process is a very quick one, and Dr. Michaelis 
claims for it that it leaves only the amount of water which is required 
by the cement for setting properly, and that greater uniformity is 
attained than by any other process. The briquettes can thus be made 
denser, taking more cement, and breaking frequently under a strain 
about 5iP per cent, higher, or even more. The absorbent slab, be com- 
pares to the brick or stone with which mortar is in practice used. But 
to make *strong work with ceii*ent it is necessary to soak with water 
bricks or stone before using them. No doubt, by long practice any one 
may produce uniform results by following this or any other process; 
but we have not succeeded in getting greater uniformity by this than we 
Have by the process first described. When the moulds have been filled 
the briquettes jure numbered, laid aside, and covered with a damp cloth 
till they have set •sufficiently to be taken out of the moulds. The 
briquette^ are then put on sheets of glass, or on slates, and laid in a flat 
box, having a cover lined Miith several layers o| linen, woollen, or cotton 
cloth, kept damp. In this box they ar§ kept until they have hardened 
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sufficiently to be putf into watJ’K This will vary from o^ie or two hours 
to a day or more ; but for uniformity, unless in cases of specially slow*'- 
setting cenienc, briquettes of neat cement may be kej)t for twenty-four 
hours, ?n(l those with sand for forty-eight hours, before being transferred* 
from this box to the shallow tanks in which they are to remain till the 
moment of tr'Stiiig. llie numbers on the neat cement briquettes may be 
made with a sharp point or with a strong pencil. For the sand and 
cement briquettes, numbers previously written or stamped on small 
pieces of zinc will be fouii'l more convenient. The water and the testing 
room should be kept at a temperature as nearly uniform as possible, say, 
from 60“ to 70“ '•Fahrenheit ; but if the box and tanks, in which the 
briquettes are kept, be covered, moderate changes of temperature will 
not materially affect the results. 

It may be useful, especially at certain seasons, or in countries in 
which the temperature varies very much, to note the readings of the 
maximum and minimum thermometers. Seven, twenty-eight, or more 
days after the briquettes have been made, their tensile strength can be 
ascertained. In doing this as much uniformity as possible is to be 
observed in api)lying the weight slowly and gradually, avoiding all 
sudden jerks. The result for each briquette being recorded, the average 
is ascertained. 

The test with neat cement at the end of seven days is of little more 
use than to show approximately, b} comparison witli the tests made at a 
later date, whether the cement has increased in strength. The later 
tests are of most value, and especially those made with sand. 

Appliances for Testing. — The apparatus and appliances which it is 
necessary or desirable to have for making tests and experiments are: a 
number of boxes about 4 inches deep, lined with lead or zinc, having 
loose covers, and a tap for drawing off the water; a similar box, which 
need not be lined, but the lid of which should be covered inside with 
several layers of coarse linen, woollen, or cotton cloth, to be kept always 
damp, and made to fit closely over the box ; a number of pieces' of plate- 
glass or slates about 12 inches by G inches, or 15 inches by 8 inches; an 
imperial bushel measure ; a measure of one-tenth of a bushel, either 6 
inches square by 6*16 inches deep; or, if cylindrical, 6*5 inches in 
diameter by 6*684 inches deep ; scales for weighing a bushel or smaller 
quantities of cement, sand, or water; weights of various denominations, 
including a pound and decimal parts of a pound; 10,000 grains and 
decimal parts ; funfiels or fillers for the bushel and smaller measures (see 
Figs.* 52 and 53); brass wire sieves of 400, 900, 2,580, 5,806, and 32,257 
per square inch (the first two are used for s/fcifd, the la^t ^hree for 
cement, andf correspond </ith the sieves use'J in Germany of 400, 900, 
and 5,000 per square centimetre) ; ten or more gun-metal moulds for 
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making briquettes of 1 square mofi* sectSoiial arej^^(Eig. 51), {•mil, if 
^ ri^v.j 4 iired, similar moulds for briquettes 71 1 inches by H inches =*'2*25 
square inches; n\achine for as^'ertaining tensile strain (see Eig. 58, 
p. 225); a spatula (Fig. 55), with thin edges to the blade, weighing 
ozs., to be used for beating the cement and sand in the moulds; straight- 
striking off the measures; a straight-bladid knife** ffl^r cutting 
on surplus cement in making briquettes ; one or two small trowels; two 
strong basins or mortars ; maximum and minimum thermometers ; 
blotting-paper; a graduated glass for water; safid, washed, dried, and 
sifted through a 20, and caught on a 30 meshes to the inch sieve = 400 
and 900 per square inch, and forms for tabulating and registering results. 




Professor Unwin on Cement Testing. — Professor Unwin, in the 
course of a paper contributed to the Journal oj the Society of Chemical 
Industry in April, 1886, on this subject, points out that “testing began 
with comparatively crude tests of the tenacity of briquettes or test-pieces 
of neat cement, which at first were made of an excessively bad form, and 
were seldom tested after more than seven days’ hardening.” He pro- 
ceeds to show that the defects of this plan soon became evident, and 
caused grea^ differences in the api)arent strength of the same quality of 
cement, in accordance with the amount of water used in gauging, the 
pressure employed in moulding, and* so on. 

Tensile Strength of Briquette depends to some Extent on the 
Perm.— Many different sliapes were, as we have seen, employed, and at 
one |ime engineers vied* with one another in the invention of new 
patterns for the briquettes. As Professor Unwin says, “the influence 
of the form of the*bri^juette on the strength is considerable,” different 
briquettes of the same cement moulded in difi'erent forms gave results at 
seven days, fa^^ging from ^80 lbs. per square inch to 460 lbs. on the 
same area. This question was* as already stated, WefuTlly investigated 
by Mr. Grant. « Even now, when engineer^ are fully informed of the 
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imior^iance of thef hape of tf^e briquette and of the w<de range in values 
arisflig from trifling variation^ in the manipulation of the 
dyring the process of moulding the blocks, we are, at any rate in this 
country, still very far from the })ossession of any such generally accepted 
system of conducting the ^^esting process, as shall ensure uniformity in 
the results': JndeOd so many discrepancies in the procedure are to be 
found that it 'is exceedingly difficult to get absolutely trustworthy cofu- 
parative tests. Professor Unwin refers to the care and skill with which 
cements are examined, in the German State laboratories, and it must be 
remembered that, in many parts of the Continent, cement producers and 
cement users have combined to enforce the adoption of a uniform system 
of tests. 

Present Method of Testing Cements. — Cements are now generally 
tested, either alone, or mixed with certain proportions of sand, the latter 
tests being by far the most scientific and searching. We must remem- 
ber, moreover, that cement is tested for two entirely difterent motives : 

1. To ascertain whether it satisfies certain contract conditions and 
complies with definite standards laid down in the specification. For 
these tests the element of time is an important consideration. 

2. For scientific purposes, to determine its properties, its value as a 
constructive material, and the best methods of employing it. 

Engineering Tests of Cement. — Under these latter tests the 
engineer has, as far as j)Ossible, t«/'reproduce the exact conditions and*' 
surroundings to which the material will be exposed in practice, and Ids 
investigations must necessarily be continued for more or less considerable 
periods of time. He must assure himself by protracted tests that the 
cement is a binding agent that may be relied upon for all reasonable 
periods. The classes of tests which satisfy the first of these requirements 
are from, the very nature of tliern imperfect and unsatisfactory, and 
incalculable injury has been inflicted upon cement users in the j)ast, 
because every eflbrt was made to produce materials capable of giving the 
best results under these commercial tests, and over-limed coarsely ground 
cements were preferred to those which, under a more scientific system 
of testing, would have established their undoubted superiority. In 
this connection Professor Unwin declares that “the great progress of 
the cement manufacture in Germany, and the production there of 
cemeni-s stronger in test and of more value in the market than English 
cements, is to be traced directly to the adoption of mofe rational tests.” 

Pallaoiee ih the Method of Testing.— -A cenj>ent employed con- 
^tt-uctively is only in a very few exceptional ca^es used in tension, but 
all our English tests would seek to establish 4cs quality by its power of 
resisting tensile strain. We never, except as a stucco, use Portland, 
cement neat, but it is by the examination of a briquette of neat cement 
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that we too often Ijeek to ascertain itsMjuar'oy. We ^variably aljo^ an 
rus^'-erva] of weeks or months to elapse Jbefore we submit our brickVork 
or masonry to severe stress, but our judgment is in most cases pro- 
niJunced upon a sample of cement by its behaviour after a seven or at 
most a twenty-eight days’ test. Our walls And buildings have to stand 
the strain of exposure to sunshine and shower, to li^at apd c(»ld, and to 
e’Very change in the weather, but our cement-tests are carefully kept at 
one even temperature in a ‘‘ waoer-bath.” 

Conditions under which Cement is Actually Employed. — As 
Professor Unwin remarks, “obviously the ordinary tests are empirical, 
and may be misleading. Alnmst every circumstance which markedly 
alfects the strength of a small briquette, tested neat and soon after 
setting, produces a loss effect on the strength of a mass, mixed with 
other materials, and tested after a longer interv’^al of time.” 

Qualities needful in a Cement. — He proceeds to show that “ the 
constructional value of a building cement depends on two quite distinct 
elements — on its power of setting into a rigid form soon after it is 
gauged, and on its power of attaining in course of time a considerable 
strength.” We may take it for granted that no manufacturer of 
Portland cement at the present time would think of sending out a 
material incapable of satisfying the former of these requirements, though 
wo must admit that hot over-limed cements are still occasionally met 
with which will set well enough for a day or two, but eventually go 
abroad even in the short space of the seven days’ test. Such cases are, 
however, rare. 

The Induration of Cement takes place according to a Uniform 
Law. — When ample time can be devoted to the study of the quality of 
any given sample of cement, and when we can note its behaviour through 
a long series of months or years, we shall find, as Prof. Unwin has 
remarked, that “ beyond the first week, and up to the period at which 
the full strength of the cement is reached, the rate of hardening follows 
approximately a very simple law.” The factors may be arranged in the 
form of a readily intelligible formula, the constants of which clearly 
indicate the character of the cemenf. 

“ Let X be the number of weeks during which a test-piece lias been 
hardening. Then the strength y in lbs. per square inch at that age is 
given very approximately by the equation- - 

^ 1/ = a + 6 (.« - !)'» , 

where a is the strength at seven days, and h and n are constants 
depending on the rate of*gl,in of strength with age. 

“ For all tension tests of "Portland, n may taken as «ine-third. 
For ordinary Ijmes it has a larger valuer For compression tests of 
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conKpa^atively largfi blocks Poitland, n is one secolid ; consequently, 
two tests of a cement at diffefent ages determine the remaining 
stants of the formula.” 

Tihe Piofessor states that the curve given by this formula reconci?es 
the anomalies whicli must always oAcur in tensile tests, and produces an 
average o<‘ tlie-somd'ivhat discordant results. He finds by its application 
that neat cement tests attain their full strength in three or at most four 
months, while sand tests increase regularly in strength for two or three 
years. On working oi t the results from a long series of tests by Mr. 
Grant, he obtained for neat cement and cement mortar (Ic + 3s) the 
following resuits : — 


Tests of Biuouettes of Neat Cement and 1 Cement to 3 Sand at Different 
Aces of Haiidentn<! in Pounds per Souare Inch. 


Acie in Weeks. 

1 

1 Neat Cement. 

1 

1 Cement td .‘5 Sanp. 

i Observeil. 

i 

('alculated. 

Observed. 

Calculated. 

1 

1 363 

363 

157 

157 

4 

415 

431 

202 

214 

13 

1 470 

471 

244 

249 

26 

1 525 

500 

285 

274 

39 

i 512 

52.1 

307 

292 

52 

517 

^3 

1 320 

305 

104 

i 590 

589 

: 351 

345 

156 

i 585 


350 

372 


Specific Use of Prof. Unwin’s Formula. — Tn the foregoing table 
the value of a in the case of the neat cement is of course 363, and in the 
case of the sand mixture 157 : the complete formula being — 

int, } y= 363 + 48 
} S' =167 + 40 

In the graphic diagram for these two substances, on the next page, 
the actual tests are indicated by dots, the calculated curve is shown by 
the bold line. 

By the application of this same method in the case 'of coarse and fine 
grinding, and for various qualities of sand. Prof. Unwin shows how the 
’ formula is affected by each different set of conditions. There is no 
doubt that for careful and comparative tests oV Cement the applipation of 
the graj^iic method iS of great importani/e, and we commend to all who 
..are interested in cement teste this very valuable and thoughtful essay. 



CEMENT? TE^nifG 


221 


No Definite! Limit can be i^ssij^ned fog the Period^ of 
L''^nration. — It is impossible to assig^i ca fixed limit to the dumtion 
of the period within which neat Portland cement may continue to 
increase in strength. Some cements aj>i)ear to show a slight increase in 
this respect up to five or six years, Jbut thcj-o cases are exceptional, and 
in most dense well-made cements the induration has rj'ached its^iiaximum 
ifi under two years. After this period the briquettes i.i certain cases 
fall back slightly in tensile strength, as if some physical change took 
place in the structure or arrangement of the ptn’ticles. Such decrease 
rarely exceeds 10 to 15 per cent, of the maximum strength. 

Value of Long-extended Tests. — It is interesting and valuable to 
possess records of such protracted tests, and to know the exact composi- 
tion of the cements with which they were carried out, as it is only by 



Fig. 56. — Tensile Strength of Cement and Cement and Sand Mortar. 

the tabulation of numerous experiments and the comparison of a large 
number of a^palyses that we can hope to acquire any accurate knowledge 
of the somewhat obscure changes Vliich are slowly effected in the course 
of induration. 

Series of Tests of Warwickshire Cement. — ^We might multiply 
examples to show this. process of “going back” from previous works on 
cement, but we prefer to adduce a few original and reliable tests to 
illustrate our meaning. The following experiments exemplify this 
process in a very |;emarkable way. They were carried out by one of the 
authors, with some War^fekshire cement in 1888. 

The sample in question w^s burnt extremely llard, and was->of a dark 
blue colour. It was ground so that it all passed a 50 x 50 mesh sieve. 
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CifsMiciL Analysis. 


Insoluble residue, . . . 

4-557 

Silica, 

. 16*865 

Ferric oxide, 

4-831 

Alumina, . . . (i . . 

6-360 

Manganese ox^de, 

trace. 

Lime, \ 

. 62-507 

Magnesia, 

2-365 

Suljdiuric acid, 

1'589 

Potash, . . r. 

-976 

Soda, 

•527 

'I’otal, . 

. 100-577 


Tests of the ahove Ceaient. 

Neat cement, water J6 per cent. The mixture set r1ow]3'. 


7 tlajs. 

28 (lays. 

90 days. 

650 days. 

L\>s. 

L]»i 

Lbs. 

Lbs. 

515 

630 

710 

695 

500 

630 

760 

670 

600 

620 

730 

6S5 

660 

650 

800 

660 

650 

650 

7H0 

655 

630 

6(i0 

f • 750 

i 685 

620 

570 

760 

1 660 

650 

(500 

■ 790 

i 655 

615 

(520 

750 

j 705 

690 

620 

1 

815 

675 


Average c 

)f 10 tests. 


613 

625 1 

1 764-5 

1 674-5 


Cement' 1 part, standard (Leighton Buzzard) sand 3 parts by weight, water 
10 per cent. 


7 days. 

28 days. 

00 days. 

55(1 days. 

Lbs. 

Lbs. 

* Lbs. 

1 

Lbs. 

185 

205 

220 

310 

200 

210 

215 

290 

200 

220 

200 

305 

200 

215 

205 

335 

195 

200 

215 

, 300 

210 

215 ; 

205 

295 

200 

225 

230 

* 300 

210 

205 

200 1 ; 

240 

•195 i 

225 

215 

, 325 

200 

205 

240f . 

^ *325^ 

9 • 

• Avei 

-ages. 


199-5 1 

212-^ 1 

1 214-5 1 

1 .. 302-6 
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bLifiNT testinV 

I ^ ) 

InduratiD^i.-jIn tl.e ab^ve tests it will, be 

off b 7^ indicate a decided felling 

off between the 90 days test and that at 500 days, and all observers 



inter^enTio T T experiments will have noticed the 

Be!on7 ^ 8®“®'-»ily ’-before .the erjl of the 

second year, e^^ecially in very dense cements. No such decrease in 
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strength is appar|nt in th|^ sajaj} tests, and it is probable that some 
raolaoular changes occur during^ the induration which are not yet under' 
stood. This critical period does not always occur after the same interval, 
and ^ it varies in accordance with the composition of the cement, the 
temperature at which it lir-is been /ired, and the degree of density that it 
has attained. A -g’dl-known writer on Portland cement has attempted 
to explain aw*ay this falling off in strength and to attribute it solely<io 
carelessness in testing. He even says concerning some breaking weights 
which indicate just such a diminished strength — “ It is to be hoped that 
no more of these records of questionable value will be published, for 
th(ur misleading and uncertain character has already created too much 
scepticism on the possibility of cement improving in value.” 

German System of Cement Testing. — We have referred more 
than once to the German system of testing, and we give in the case of 
slag cement a translation of an official report on a series of experiments 
conducted with that material. In Aj)pendix C will be found a full 
translation of the Regulations under which such standard tests are 
conducted. We herewith reproduce an illustration of the testing appli- 
ances used in Germany and Austria for these official tests (see Fig. 57). 

The Adie Testing Machine. — One of the oldest and best-known 
cement testing machines in the market is that made by Mr. Patrick 
Adie, The Broadway, Westminster. It is used by many Government 
departments, and has long been c^^isidered the standard apparatus in’ 
this country. The maker states that hi.s chief aim in the construction of 
his machines has been to secure the most accurate and undeniable results 
with absolute permanence and non-interference of the hand of the 
operator; thus, all springs and screws are dispensed with, and the 
simple steel lever, and vernier (with weight attached) travelling on 
rollers, is adopted. The vernier is caused to travel along the lever by 
means of a cord, passing over pulleys fixed to the standards, and thus all 
need of applying the hand to the lever during the progress of the test is 
avoided. In order to make this more unquestionable, in addition to the 
speed-reducing wheel and pinion, a patent automatic regulator can be 
added. As there are no compound levers, spring balan'^es, or other 
appliances liable to give a multiplied error, or to be in any way uncertain 
in action or unreliable in results, this machine has everything in its 
favour, and compares well with other forms of testing apparatus. We 
illustrate the No. 2 machine of Adie (see Fig. 5*8), made with automatic 
regulator, but a. some what simpler form of machine can also be supplied. 

. The Goreham Plourometer. — This is a simple piece of apparatus 
for separating from a sample of cement all the, very fifiest particles (flour), 
and for -estimating the relative proportipns between fina and coarsely- 
ground material. In using the flourometer, a fixed quantity of the 
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ce neut to be tested is placed in a spicial receptacle, and air is forcibly 
ariven through it, which ch,ases the Am nt flour to separate the 
residue. All those particles which Ire safticiently light are carried 
tjirough the upcast tube, and then sink io the bottom of the Sj^Uling 
chamber. When all the flour has thus bee/^ expelled, the residue, which 
consists of the coarser particles, is weighed, and tl^e diflhr 'nee between 
^he weight of the residue and the weight of the entire sample indicates 
the amount of the flour, v/hich latter can readily be expressed as a 



Fig. 68. — The Adie Testing Machine. 


percentage of the whole amount. A good sample of cement should yield 
from 40 to 60 i)er cent, of flour by this test. The War Office authorities 
specify a minimum of 45 per cent. It is asserted that this test^is much 
more reliable th^ the sieve-test, and that no cement which yields less 
than 42 per cent, of flbur will show good results in practical work. 

The apparatiis’^consjs^s of an aerometer for providing the necessary 
supply *of aii«at any desired pressure, and the Jlouro^peter itself, with 
which the separation is eflected. The weight of cement to be used for 

15 
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eachftest (preferably 40 grami^es^ i» placed in a glass vessel provided for 
the pi^rpose, and the rubber iub’'. connected with the aerometer is then 
attached. Each test requires about 45 minutes, and the inventor 
reconynends that the resulting flour should be examined under the 
microscope, and also tested'' by rubbing it on a piece of glass with a 
palette kn^’f6, to see- that it is not gritty. Unless care is exercised in 
carrying out th»i test, it is possible that all the flour may not be entirely 
removed from the sample, or that a little of the residue may be carried 
over into the settling chamber. This apparatus is, however, undoubtedly 
capable of furnishing useful and reliable information respecting the 
quality of cements. 

Arnold’s System of Cement Testing. — A method of testing 
cement, devised by Mr. Arnold, deserves passing mention, as it no doubt 
eliminates some of the imperfections in our present system which arise 
from the differences in handling which it is impossible altogether to 
avoid. It is well known that one man will get results some 10 or even 
20 per cent, better than another with the same sample of cement. Mr. 
Arnold’s method consists in filling the mould for the tost briquette with 
a proper quantity by weight of the dry neat cement, which is then 
consolidated under a screw-press, resembling in construction an ordinary 
office copying-press. The plate on which the moulds rest has shallow 
sides, thus making it a bath. After removal from the press, each mould 
having been separately pressed, the Jjath is filled with water (when full 
it contains a dep^h of about | of an inch), and the moulds stand therein 
for twenty minutes before removal. The moulds are made deeper than 
is required for the section of the briquette. Metal dies which exactly 
fit the mould are placed upon the top of the cement before it is inserted 
in the press, so that when the die is properly pressed down, its top is 
level with the top of the mould and no further compression can take 
place. Thus a uniformity of pressure is insured -in the case of each 
briquette moulded from the same sample of cement. In order to avoid 
difference arising from varieties in the bulk of different q^ualities of 
cement, it is pointed out that dies of various thicknesses can be used. 
It is claimed for this system of making briquettes that much greater 
uniformity is attained than by the plastic method, that the services of 
an experienced man are not required, that the requisite amount of water 
and no more or no less is used, and that air bubbles are entirely avoided. 
The patentee states, moreover, that the evidence of a blowing cenient 
will be noticed in 24 hours after moulding the briquette, and that owing 
to the absence of disturbance, after admixture witn water, any particles 
of free lime present are invariably detected at the point of fracture; 
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CHAPTER X^'T. 

ACCELERATED TESTS FOR CONSTANC^^ OK VOlUME. 

Contents.— Ufiasons for such Testa— The Origin of the Boiling Teat— Tests by 
Tetmajer — Maelay — Erdincnger — Priissing Heintzel — Faija — Results 
obtained by Accelerated Teats — Verdict in Germany and America as to the 
Value of these Tests. 

Heasons for such Tests. — A desire has constantly been expressed by 
cement users from the earliest period when cement became subjected to 
regular tests, for some more rapid means of ascertaining the reliability of 
the material than the ordinary tensile tests carried out with suitable 
bri(j[uettos at fixed intervals spread over a considerable period of time. 
The announcement, therefore, of the discovery of a method of forming an 
opinion concerning any sample of cement in a few hours was hailed with 
satisfaction, and the new tests were widely accepted by engineers and 
manufacturers, without any very searching enquiry concerning their 
practical utility and value. 

The Origin of the Boiling Test. — We owe the boiling test in its 
original form to Dr. Wm. Michaelis of Berlin, who, some thirteen or 
fourteen years ago, described a system of dealing with cement samples in 
the following way 50 grammes of the material to be tested were made up 
with about 13 to 15 grammes of water to a paste of normal consistency, and 
thoroughly worked with the trowel for about one minute, to expel air- 
bubbles. The cement mortar was then spread in pats on glass plates, 
the pats were to be about 1 centimetre thick in the centre, and to be 
thinned out all round the edges in the usual way. The pats were 
allowed to set for 24 hours in a covered vessel in an atmosphere satur- 
ated with»moisture or steam vapour. They were then introduced either 
while still on the glass jilate or after being detached from it into a water- 
bath; the water was at first quife cold, and just sufficient water was 
used to cover the pats completely. The water was then slowly raised to 
the boiling point in about ten minutes, and maintained at boiling tem- 
perature for three liojns, after which the pats were taken out and 
examined. If d'ny extra water was neeued to maintain the level in the 
water-bath, it wtfs tj be added in small quantities at a time, and as 
nearly at the boiling temperature as possible. A sound cement would 
stand tjiis test without* ftny sign of cracking, and become considerably 
harder for the boiling, while <t was contended thart a treacherc^s or un- 
bound cement ^ould either crack and fall to pieces in the bath or it would 
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go alirof^d crun^ble) into^mu|3^ Sundry slight modifications in the 
procedure have been proposed, yhus, the sample pats were directed to 
be jnade up on moistened blotting-paper, placed on a glass plate, and 
allowed to set, after which tlie blotting-paper was removed and the tes^ 
were conducted as before. • 

Tetmafer’s, Tesi. — Professor Tetmajer advocated a very similar 
plan of conducting the experiment, only he employed the cement made 
up into little balls about 2 inches in diameter, and of such a consistency 
that they could be patte/1 down on a glass plate and flattened out by the 
pressure of the hand into circular pats, free from cracks. The pats thus 
prepared were *to be kept in a damp atmosphere for 24 hours and were 
then placed in a cold bath, which was brought up very slowly (in IJ 
hours) to the boiling point, and boiled for six hours continuously. 

Maclay’s Test. — Maclay proposed a modification of the Tetmajer 
test for use in America, and he employed four pats of neat cement, made 
up on glass plates with water into a very stilf consistency. These j)ats 
were to be about .Vinch thick and 3 inches in diameter. One of these 
pats was to he ])laced, directly it was made uj), in a steam oven at 
90° to 95“ Centigrade. The second pat was to be placed in the oven 
when it had become set hard (uiough to resist penetration by a normal 
test-needle, loaded with a weight of 1 pound; while a third pat was to 
be allowed double the setting period indicated by the }>revious test 
before being introduced into the oven. The fourth pat was only placed 
in the steam ov(m after 24 hours. The four pats remained in the steam 
oven at the temperature indicated for three liours, and they were then 
placed in boiling water for 21 hours, when the test was complete. If 
the cement is very defective owing to excess of free lime, improper 
burning, or other causes, the trouble generally shows itself in the 
cracking or distortion of all four pats. When the cement is not so bad, 
the cracking and swelling takes place in the first three pats only, and 
when the cement is still less defective only the first two pats crack 
or swell. Failure in No. 1 pat can, as a rule, be disregard ecV For the 
United States Army Department tests the boiling is to last for six 
liours. 

Erdmenger’s Test. — Dr. Erdmenger was in favour of an even more 
severe test than simple boiling, and he has arranged a special apparatus 
in which the samples of cement can be boiled under a jiressure up to 
40 atmospheres. Dr. Michaelis has also designed a similar apparatus 
for subjecting samples of cement to boiling under pressure, and he recom- 
mends that the test should be conducted at 450' lbs. per square inch. 
Certain, interesting results with respect to tJie induratiop of cements 
have beep studi^id undor these very severe ^conditions, but’ it can scarcely 
• be maintained that tests of, this rigid kind should be imposed upon 
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all cements, forrmany materials wliichlhave been found to give excellent 
results in practice have failed entirelyjiiiider these Onerous concfitons. 

Prussing’s Test. — Some of the special accelerated tests invoL e the 
treatment of cement by processes which would appear to be ver^ unfair 
to this material from the point ^f viev”^ of chemical action and the 
generally-accepted theories of induration. Thus P^iissing jtc^vocates that 
*100 grammes of cement should be made up into a paste»with from 5 to 8 
per cent, of water, in accordance with tlie fineness of the grinding, and 
very intimately mixed ; indeed, he specifies rubbing the mixture through 
a sieve having 120 meshes to the square centimetre, after which it is to 
be spread uniformly into a mould and stamped into a cake in a press 
at 50 atmospheres pressure. Two such cakes, directly they are taken 
out of the moulds, are laid on a glass ])late, and are placed in a box 
where they are protected from evaporation. They remain for 24 hours 
to become set, and are then transferred to a vessel of cold water. One of 
the cakes remains under water for 28 days to indurate, and the other is 
taken out in two hours’ time, and, if it is uninjured, it is placed in a 
water-bath at a temperature of from 90'* to 100° 0. If, after remaining 
four hours at this temperature, the pat is still uninjured and free from 
cracks, the cement may be pronounced safe under all ordinary circum- 
stances, but it is usual to let it remain for twenty hours longer in 
the water-bath at the boiling point. Tt is to be regarded as entirely 
reliable and especially sound and good if it .stands this treatment. 

The Heat Test of Heintzel. — Certain of the tests appear to be 
somewhat whimsical and fantastic. Among these we may mention the 
red-lieat test, under which a ball about 5 centimetres in diameter, 
formed of neat cement, is moulded in the hand, and the quantity of 
wat( 5 r necessary, which may be about 20 per cent, of the weight of the 
cement, is found to be that which will slightly soil the hand, but will 
leave the ball capable of being pressed into shape while being handled. 
With quick-setting cements rather more water is needed; thus, taking 
300 gra^nmes of cement, up to 62 or 63 cubic centimetres of water may 
be employed with advantage. The ball, when ready, is laid on a plaster 
of Paris •slab for about five minutes, or so long that it will no longer 
readily mark with the finger-nail, and it is then placed on a thin iron 
plate or on a wire triangle, and is supported over the flame of a Bunsen 
burner. The point of the flame must at first be kept well below the 
^est, for if litat is applied too rapidly, little splinters, due to the steam 
evolved by tln^ moisture in the ball, will be thrown ofi*. As the ball 
dries, the flame is brought nearer and nearer, until it entirely surrounds 
the* ball, and tliTs ma}* take place in about half an hour. During the 
second half hour the bot^m of the ball attains a dull red heat, and a 
plate of cold glass held above it ceases^ to show any condenlation due to 



230 fJALCAREOUS CEMElfTS.( 

escaping moisture. The test is t ^en complete, ind if t^ie ball remains 
sound, Vib cement mi/ be proifou ced to be of excellent quality. This 
very stringent test was devised by Heintzel, but it has never been very 
widely employed. 

There are several varieties of th^se tests, some of them requiring 
considerable^ skill in inducting them, and this would therefore render 
them rather unsuitable for uniform tests. 

Paija’s Test. — Several forms of the hot-water test have been carried 
out in this country, but perhaps that of Mr. Faija is most widely known. 
It is based on the principle that moist heat accelerates the setting of 
cement ; and it is asserted with some good show of probability that 
boiling means seasoning, and that a few hours in the water-bath at the 
boiling point are equivalent to as many days in damp air under ordinary 
conditions. The apparatus for conducting the test consists of a covered 
vessel in which water is maintained at an even temj)erature of from 110° 
to 115° F. ; the space above the water is therefore filled with the vapour 
rising therefrom, and is at a temperature of about lOO". Immediately 
the pat is gauged, it sliould be placed on the rack in the upper part of 
the vessel, and in five or six hours it may be placed in the warm water 
and left therein for nineteen or twenty hours. If, at the end of that 
period, the pat is still fast to the glass, or shows no signs of blowing, 
the cement may be considered perfectly sound ; should, however, any signs 
of blowing appear, the cement shouhl 1)^' laid out in a thin layer for a day 
or two, and a second pat made and treated in the same manner, as the 
blowing tendency may only be due to the extreme newness of the cement. 

Practical Results of Accelerated Tests.— As the result of the 
methods under which these accelerated tests are conducted, it is generally 
assumed that their efiect is to indicate constancy of volume or “sound- 
ness,” but it will readily be perceived that this docs not necessarily follow. 
Many samples of cement which are found to give excellent results in 
practice, when made up with sand in the usual way, are reduced to 
mud, and lose all traces of cohesion under the boiling test. It (.>iiust be 
remembered that all these heat tests expose the sample of cement to 
highly artificial conditions, and to sucluas would certainly notice found 
in the natural use of the material. They are in fact, many of them, so 
radically different from the conditions experienced by mortars or con- 
cretes in ordinary engineering practice, that it is .safe to say that the 
results they yield can only be regarded with considerable sespicion. Afl 
the circumstances, moreover, which tend to accelerate the chemical and 
physical processes of induration in the natural use of the material, can 
hardly fail to be distorted and interfered with by the application of raipid 
heat and the emplo^men^ of the boiling process. In an ideiti system of 
acceleration,^the aim should be to make use of procedures which differ as 



AOCELEilATEP |TE!:’ :S EOR CONSTANCY ^OF VOLUME. 231 

little as possible, from toe circumsoL, iclps v^otending the use of ceme«it in 
the usual methods of engineering practice. It is liAdlj" possible con- 
ceive that the heat test, for instance, of Heintzel could prove otherwise 
than injurious to a slow-setting cement; and, if the induratiofi of a 
cement is to any extent due to a process iof crystallisation, prolonged 
boiling would certainly be most inimical to a satisfaictory iosii^. 

Verdict in Germany. — The German Union of Ofeinent Manufac- 
turers, when these tests were introduced, took measures, by the 
appointment of a Commission, to ascertain ho\^ far the practical results 
of employing cements in construction coincided with the verdict of the 
laboratory and the outcome of the accelerated tests. F®oni an excellent 
report by Mr. Gary, who represented tlie laboratory in the work of the 
above Commission, we gather the following facts : — 

Cements, none of which would pass the boiling test, were procured 
from ten different manufacturers in various parts of Germany under 
conditions affording entire secrecy. As soon as they were received they 
were submitted to tests in three different laboratories, and portions of 
each were also used in the preparation of cement wares, to be exposed to 
the weather. 

Though the figures representing the laboratory results varied some- 
what considerably under the hands of the several experimenters, the 
general results were easily reconcilable, and were upon the whole satis- 
factory, while the practical examples from the workshop, consisting of 
medallions, rosettes, and pipe caps moulded in cement, with the excep- 
tion of a few unimportant cracks round the rims, set hard and stood 
well under exposure to the weather. Apart from the fine hair cracks, 
all the objects, after more than two years’ hardening, were pronounced 
“ still sharp cut an<l in good condition.” 

American Account of Accelerated Tests. — A writer in the 
EiKjineerinff Record draws the following final conclusions from the above 
report : — “ The result of the investigation may, therefore, be summed up 
as determining that not one of the so-called accelerated tests for constancy 
of volume is adapted to furnish a reliable and quick judgment in all cases 
concerning the practical applicability of a cement. The investigation 
has further proved that all the cements which withstood the pat test in 
the normal system of testing are practically constant in volume when 
u^ed in test-pieces and in cement wares. The increase in strength of the 
test-pieces with water- and air-hardening speaks well for the practical 
utility of the cements. 

“ The assertion quoted early in the report that the normal or standard 
tests Y©i’ednsu(Bcient,*j:%rticularly when the cement is to be hardened in 
the air in its practical apjtlication, has receiv^ no qpnfirmation by the 
investigation of the Commission.” 
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CHAPTER XVII. 

THE EMPLOYMENT OF SLAGS FOR CEMENT MAKING. 

Contents. — Slags, used for Adulteration — Br. Micliaelis on Slag Mixture — Com- 
position of Blast Furnace Slags — Uniformity in Composition of Slag — Slag 
Cement as a Kiln Product — Production of Slag Cement — Passow’s Process — 
Bosse & Wolters’ Process — Snelus’ Process— Necessity of Fine Crinding — 
Properties of Slag Cement — Storage — Chemistry of Slag Cement— Otlie 
Considerations Involved — Cerman Tests of Slag Cements. 

Slags sometimes used for Adulteration. — The days have now gone 
by, we may hope, when slags of all kinds are regarded with suspicion by 
cement users, owing to their occasional employment for the adulteration 
of Portland cement. It cannot be denied that for this purpose certain 
varieties of iron slag were extremely well adapted, since they approxi- 
mate so closely in colour, weight, and comjiosition to the cement itself 
that their presence could be detected only with difficulty, even by means 
of delicate chemical tests. 

Nature of Slags used to mix with Cement, — The slags used for 
fraudulent additions to cement were generally those which had a ten- 
dency to disintegrate on exposure to the atmosphere, and which go 
abroad — t.e., crumble — naturally into a bulky gray powder, having at 
times an astonishing resemblance to Portland cement. The fact of this 
spontaneous disintegration would seem to argue that some change, either 
of a physical or chemical nature, took place in consequence of atmo- 
spheric action ; probably these varieties of basic slag werr- selected 
chiefly because a powder could be obtained from them by mere sifting, 
without the expense and trouble of grinding, which is no easy" matter in 
the case of the dense inert slags. 

Dr. Michaelis on Slag Mixtures. — It is necessary that we should 
here allude to the opinions of Dr. Michaelis with respect to these 
admixtures of slag, for he has proved that with selected s*lags, used even 
in such large quantities as 30 per cent., it is possible toiadd considerably 
to tlie tensile strength of cement, both when tested neat and with the 
usual quantity of normal sand. He has, in Ws open letter of, 1884, 
claimed that it is ^to th% advantage, both ofrthe user and of the manu- 
facturer, that these mixtures sljould be permitted. 
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Some Slags macted upon by Mlistjire or b;^ the Atmosphere. 
— 0< rtaiii varieties of acid slag would s-lera to be vmry little aflecT'^d by 
air or moisture, and remain for years cni the spoil-banks with arisesi as 
sharp and clean as they were upon the day when they were tipped. 
Doubtless it was the ai)parent inentness oii' these materials which led 
experimenters to form the opinion that it was impoisibl^ to jjee them in 
^ment-makingj for the great similarity in composition of some descrip- 
tions of blast furnace slag with the clinker of Portland cement must 
have frequently caused attention to be directed k) this material, in order 
to find a possible use for it as a cement component. 

Slags Produced at Extreme Temperatures. — It#must here be 
remembered, however, that the temperature at which slag is produced is 
greatly in excess of that needed to prepare Portland cement clinker, 
and, moreover, that in the case of the clinker too high a tem})erature in 
the kiln, resulting in complete fusion of the mass, leads to the formation 
of a blue-black glassy substance (slag), which, in consequence of its 
vitrification, is of little practical use for cement. The analogy of the 
two processes would again deter the investigator from further attempts 
to employ slag in cement-making. 

Admixture with Lime in Blast Furnace. — Certain inventors have 
not been deterred by the high temperature of the blast furnace, and have 
attempted to prepare a suitable slag by the use of such proportions of 
limestone as would produce a slag having a composition resembling that 
of cement clinker in the furnace itself. It was found, however, on actual 
trial, that with these high percentages of lime the heat was not sufficient 
to efi’ect complete fusion, and the smelting of the iron ore was imperfect. 
It is essential for fluxing purposes that the slag produced should be 
extremely fusible. This proj)osed combination of cement manufacture 
with iron production was therefore abandoned. 

Composition of Blast-furnace Slags. — A glance at the annexed 
table will show that many iron slags contain all the essential ingredients 
of Portlaikd cement, though in none of them are they present in the 
same proportions as those selected by the cement maker. In almost 
every case^ there is a marked d^ciency of lime, and nearly all the 
attempts made to utilise slag have involved the addition of lime in some 
form or other to the slag in a finely-divided state. 
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S'LAas* FROM Iron ■\\|)rks. 


\ 

‘ Locality, 

« 

1 

Silica. 

Alniuiiia. 

Lime. 

Iron, ^ 
Alkalies, 
Sulphur, (fen. 

1. Staffonl^iiire, -f • 

2. South VValeA, 

f 

41 *99 

23-27 

31 -62 

3-21 

42-84 

28-84 

26-13 

2-11 , 

3. , , ... 

4. Yorkshire, 

32-30 

15-70 

44-80 

7-20 

39-47 

23-66 

32-12 

4*75 

5. Lancashire, 

33-49 

10-12 

46-97 

8-54 

6. Staffordshire, . .« 

49-05 

10-84 

34-33 

5-78 

7. Warwickshire, . 

41 -30 

16-20 

40-80 

2-70 

8. ... 

36-30 

13-86 

30-49 

9-76 

9. Scotland, ' . . . 

32-10 

24-28 

35-43 

8-10 

10. Nottinghamshire, 

32-18 

31-50 

33-05 

3-27 

11. Lancashire, 

12, Cumberland, 

38-68 

13-13 

45-82 

2-37 

34-00 

15-10 

47-20 

3-70 

13. Derbyshire, 

39-24 

23-04 

32-06 

5-66 

14. ,, ... 

15. Lincolnsliiro, 

40-00 

11-50 

40-60 

7-90 

32 86 

21-88 

40 34 

612 

16. ,, ... 

17. Northamptonshire, 

31-37 

19-69 

40-23 

8-71 

39-06 

21-54 

37-lG 

2-24 

18. North Wales, 

31-28 

12-41 

46-10 

10-21 

19. Newcastle, 

26-37 

14-42 

48-84 

10-07 

20. ,, ... 

34-15 

16-68 

43-39 

5-78 

21. „ ... 

31-05 

23-15 

36-51 

9-29 

22. Cleveland, .... 

32-15 

17*53 

45*50 

4-82 

23. 

3o -4*') 

21-55 

33-70 

0-30 

24. „ .... 

29-89 

26-13 

34-35 

8-63 

25. „ .... 

30-tlS 

f 

28-03 

i 33 -.33 

7-60 


Uniformity in Composition of Slag. — The qu«ality of the slag 
produced at any one works, where the same description of iron is being 
manufactured from ore of uniform type, varies within very narrow 
limits, as will be seen from the appended table, which gives the average 
analyses of a series of years expressed in percentages of the chief 
constituents : — 



1888 to isye. 

1893. 

i89r.. 

1899. 

Silica, .... 

35-20 

34-50 

34-23 

35-40 

Alumina, 

Ferric oxide. 

10 02 

0-21 

• 10-90 

0-18 

10 "28 ^ 
0-33 

10-45 

Ferrous oxide, 

0-55 

0-64 

0-64 

1 0-91 

Manganous oxide, 

0-30 

0-46 

trace. 

0-37 

Calcium oxide, 

47-10 

47*44 

48-26 

40*74 

Sulphate of lime, . 

1-56 

1-44 * 

1-87 


Sulphite of lime, . 

2-17 

1-99 

2*07 

1-^ 

Magnesia, 

1*20 

1-36 

^1-13 

1-20 

Jllkalies (not determined), 



l 



98-31 

98-91 *■ * 

e 

98-81,/ 

. 98-60 


A great number of these are of no use for cement making. 

* * 
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In certain wor||s wheil the slags avp jj*ich in manganese it is possible 
to p'.d-ice cements which may contain iis inch as^ per cent, c? this 
oxid?, and these would tend to impart I, brownish tint to the finished 
product. ^ 

Some Former Attempts to Employ Sla^s for Cement-making.— 

We cannot now afford sufficient space to do more tl^an glancoat a few 
ot^he various directions in which the problem of slag *u tills ation for 
cement production has been approached. Some have considered that by 
heating the requisite quantity of lime with the powdered slag a partial 
combination between the silica compounds and the added lime might be 
effected, and considerable success has been obtained by roasting processes 
on these lines in the United States. Others have endeavoured to bring 
about this combination in the wet way by grinding slag and lime together 
in a mortar-mill. It was thus that slag was employed for some time at 
Skinningrove Iron Works in the production of cement concrete for the 
construction of a sea-wall, &c. Lastly, slag has been used on a very 
extensive scale abroad, intimately mixed with slaked lime, without 
recourse either to heat or moisture. 

Slag Cement Prepared from Slag Sand and Lime.— As far back 
as 18G2, Messrs. Liiniiann & Langen, at Troisdorf, noticed that granu- 
lated slag was possessed of mai’ked hydraulic ])ropertios, and in a report 

on tests of this material, dated March 12th, 1862, it is stated: Fiom 

these experiments it follows that the cement prepared from granulated 
blast-furnace slag, with a moderate addition of lime, provides a most 
valuable material for use either in air or water, and furnishes a cementing 
agent which takes an intermediate position between Hhenish trass and 
Portland cement, being in fact much superior to trass.” Liirmann 
made practical use of this discovery, and in 1865 he was engaged in the 
manufacture of paving blocks and artificial stone. These blocks were 
made of concrete, consolidated in hand or steam presses, and allowed to 
set for six or eight weeks, and this industry attained to considerable 
importance. . It was not, however, until about 1880 that so-called “ slag 
cement” or “ puzzuolana cement” came into the market. Prof. Tetmaje^ 
of Zurich, defoted much attention i9o the chemistry of these materials 
and to the treatment and manipulation of slag cements. 

Slag Cement as a Hiln Product. — Considerable progress has been 
made J>oth on the Continent and also in America in the production of 
cements from intifhate admixtures of slag and lime, which, after having 
been calcined and (tinkered in the kiln, are reduced to powder. This 
process is, as will be e^ddent, in all respects analogous to the manufacture 
of Portland Qpment in tiift ordinary way, and renders the resulting 
material no lon|;er liable to bet classed as a puzzuokna cc^nent, 9 ^ is the 
3ase with those wjiich are simple admixtures.of slag and quicklime. We 



236 


UALU '-lEUUS 


believe that there, are above e^j or a dozeit factor^s in Germany in 
whicK" cements arl" preparea f om slag on the following lines : — Slag 
sa*nd, produced in the usual way from the slag derived either from^grey 
or white pig iron, is dried and ground in tube-mills to an impalpable 
powder. It is also freed from a icertain amount of metallic iron by a 
powerfulcmagpet. t Limestone is likewise ground separately in a similar 
way, and the two powders are then carefully mixed in the proper projfc)r- 
tions to yield a suitable cement comptv ind. This is done in an automatic 
weiglier and mixer, '^'he mixture is subsequently moistened with water 
and pressed into blocks or bricks, which are dried and burnt in cement- 
kilns with ir.terstratified fuel ; in fact, all the final stages of the 
manufacture exactly resemble those employed for producing Portland 
cement in the ordinary way. Cements prepared in this manner from 
slag will stand all the tests to which Portland cement is commonly 
subjected, and when mixed with normal sand they yield surprisingly 
good results. On analysis the proportion of lime is relatively low, 
ranging from 54 to GO per cent. 

Two plants in the United States, the one in Pittsburg and the other 
in Chicago, likewise produce cement from slag by calcining in a similar 
way a mixture of compact limestone and granulated slag. It has been 
suggested that cements thus prepared should in all cases rank a.s true 
Portland cement, but that cements made from a mixture of slag sand and^ 
slaked lime, when these substances do not und(‘rgo any subsequent 
roasting j)rocess, should be classed as slag cements. 

Production of Slag Cement. — It has been estimated that no less 
than forty factories were engaged a few years back in the production of 
slag cement, ten of these being situated in France and twelve in 
Germany, but several of these works have since been closed. A recent 
writer asserts that there are nine plants in the United States making 
slag cement. Of these, two, as above stated, employ a roasting process. 
The cement made without firing is very light both in colour and weight, 
while slag cements, which have undergone the roasting, process, are 
rather darker in colour than ordinary Portland. Slag cements are 
better adapted for use in water, or* even in sea-water, thaL for purposes 
where they will be exposed only to the air; and, according to Le 
Chatelicr, the alumina present in cement of this type does not undergo 
decomposition caused by the action of the sulphate of magnesia contained 
in sea-water in consequence of the relative abundance* of metallic oxides 
which they contain. « 

Fassow’s Slag Cement. — A patent was secured in 1901 by Dr. 
Passow for the manufacture of cement by blowing air ipto liquid slag 
issuing^ from l^he bl^st furnace, whereby* it is granulateVi, and needs no 
further treatment except ^^eduction to an impalpable powder. It is 
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claimed that by this process the silicate jis partially decomposed, and that 
1)0 following reactions take place : — } I ^ ^ - 

SiOgSCaO yields Si02Ca0 + CaO ajd a certain amount ol + 
2GlaO. We have thus mixtures of the di-calcium silicate wit^ the jnono- 
silicate and free lime and silica, enough of j|he former being sei free to 
render the addition of more lime unnecessary, i^ly ve.f Jbasic slag 
ffom grey foundry pig can be used for this process, b»t f it can be 
practically carried out, and if Portland cement can be produced in this 
very simple way, it bids fair to revolutionise thc^manufacbure. 

Process of Messrs. Bosse & Welters. — A successful process of 
making a cement resembling Portland cement from slag i^ that patented 
by Messrs. Bosse & Wolters, whose representative in this country is Mr. 
E. Larsen. Their invention consists in the selection of suitable slags, 
which are mechanically reduced to an extremely tine powder, and 
amalgamated in a machine of simple construction with a proportion of 
slaked lime. In the ordinary process 25 parts of slaked lime are added 
to 75 parts of powdered slag. The secret of success lies in the extremely 
fine grinding and the perfect amalgamation of the slag and lime. In 
carrying out the manufacture, the slag, as it issues from the furnace, is 
run into water, giving rise to the formation of so-called “slag sand.” 
This material was patented many years ago by Mr. Charles Wood, of 
Middlesbrough. It is found that when the molten slag falls into water 
it behaves much in the same way that glass does when used to produce 
Prince llupert’s drops, it fiies into countless sharp fragments, resembling 
sand, the individual portions, as they fall, take the form of a porous 
pumice-like mass, wliich is very friable and capable of being easily 
crushed into powder. Slag sand produced in this way has, however, 
certain disadvantages for the after processes to which it is subjected; it 
is," moreover, extremely retentive of water, and dilficult to dry. 

Process of Mr. Snelus, — Mr. G. J. Bnelus, F.R.S., has described a 
process of making cement from slag, in which the moisture is ex})elled 
from the granulated slag by calcining it in a furnace, and he states that 
in the course of this process a notable quantity of sulphur, which is 
always prCsent in slags as calciiim sulphide, is gradually oxidised to 
calcium sulphate, accompanied by the evolution of sulphuretted hydrogen. 
The calcium sulphate, if present in moderation, beyond as we have seen 
tending to render the. cement slow in its set, has no injurious action. 
Th% process of Mr. Snelus, which he hrs perfected, in conjunction with 
Mr. J. Gibb, do^s not involve the use of additional lime beyond that 
originally present in the slag. The following results in pounds per 
square inch werc^ obtaiiied on testing three samples of this cement 
neat : — 
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, 

i!8 days Old. 

3 i/onths old. 

No. 1. 

No. 2. 

No. 3. 

37 

3S 

b 

1 

0 

10 

( 

470 

560 

530 

600 

650 

720 


We are net in possession of full details respecting the process *bf 
manufacture, nor have we an analysis of this cement, but Mr. Snelus 
stated in 1890 at the Society of Arts, London, that 100 tons of slag were 
being used weekly for this purpose. 

Mode in ;which the Slag Sand is Prepared. — There can be no 
doubt, however, that the act of forming the slag sand in the manner 
above described has a considerable influence on the behaviour of the 
material in the presence of lime, for it is found that when slag is allowed 
to cool slowly in the ordinary way, and is then reduced by mechanical 
means to a fine powder, it no longer possesses equivalent hydraulic 
properties in conjunction with the added lime. It is, therefore, probable 
that the rapid cooling or “chilling” has some physical eftect upon the 
ultimate molecules of the slag, causing them to assume a state in which 
they can more readily nndei-go chemical action. At the time of entering 
the water, and in the fierce ebullition which then takes place, there is, 
moreover, undoubtedly a certain amount of chemical action, for with the 
steam an appreciable volume of sutphuretted liydrogen gas is given ofl[‘ 
due probably to the decomposition of the calcium sulphide present in 
the slag. 

Mode of Manufacturing Slag Cement.— In preparing the cement 
under Messrs. Bosse Wolters’ specification, the slag sand is first 

thoroughly dried, and to 3 parts by weight of the dry slag sand 1 part of 
dry slaked lime is added in an apparatus termed the liornogenizer or 
closed ball-mill. The open or continuous ball-mill has been described 
and illustrated on pp. 125 and 126. The closed mill consists of a 
hollow drum or cylinder, which may be of various sizes, t^he interior 
circumference is lined with fiuted cast-iron plates, and in this drum are 
placed a number of chilled iron or steel balls, about 1 inch dr 1 J inches 
in diameter. The mixture of slag and lime is passed into the drum 
through a hollow trunnion, by means of a worm feeding apparatus, and 
when a full charge has been added, the aperture is closed and the cylinder 
is caused to rotate slowly on its axis, with the result that the contents 
are, by the constant collisions of the revolving balls ou the fluted lining, ■ 
pounded and reduced to an extremely fine state of subdivision, and at 
the same time most perfectly mixed. When* this operatipn h&h been 
continued for an hour^, or for such time may be founSI sufiScient to 
thoroughfy grind the mixture^ a door in the outer lining is opened and 
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the contents in tKe course of a few revolutions are ejected through a 
shooo into a bag or barrel; tne bails Win^^retainec^y a coarse gating. 
Tho»cIjarge thus produced is now ready jfor the marKet, not requiring to 
be; sifted or handled in any way. 

Manufacture is Economical. — Tt will l^e seen from this description 
that the manufacture of slag cement is an extremely^simple dne, needing 
b';it little skilled labour and a relativ(dy ch(‘ap plant. T^ie area needed 
for the works is small, and a French writer, who has haa considerable 
experience, states that the entire cost of works and plant for an annual 
output of 6,000 tons (say 20 tons of cement per diem) is under £6,000, 
in which estimate he includes all the necessary buildings^and an engine 
of 150 horse-power. This contrasts very favourably with the cost of 
works to produce an equivalent quantity of Portland cement by 
any of the existing methods, as will be evident from our estimates in 
Appendix E. 

Features of Importance in the Manufacture. — There can be no 
doubt that this process owes its success — lirst, to the use of slag sand, 
which, as we have seen, possesses certain properties in which ordinary 
ground or pounded slag is deficient ; and second, to the extremely fine 
grinding secured by the use of the homogenizer, which undoubtedly pro- 
duces a truly impalpable powder. It must be remembered that in slaking 
the lime, if this operation is carefully conductcul, with only just the proper 
amount of hot water, we obtain the hydrate, which constitutes 25 per 
cent, of the bulk of the cement, in a state of subdivision infinitely more 
minute than would be possible by any mechanical means, and the pumice- 
like friable slag sand lends itself admirably to the grinding process, and 
has its pores mechanically filled with the lime ])article8 in the homo- 
geuizer. Experiments tend to show that whereas ordinary slag is 
unacted upon by water, it is possible by grinding it to a very fine powder 
in an agate mortar to obtain a substance which has feeble cementitious 
qualities ; this is probably due to the liberation of particles of lime and 
other sparingly soluble bases which have become surrounded in the fused 
mass with a thin film of silicates. 


Necessity for Extremely fipe Grinding. — The urgent need of 
extremely fine grinding is shown by some tests at Choindez, which gave 
the following results : — 


« 

'Meshes per 

]^rcentag6 Besidues. 

Age in 

1 Cement to 8 Sand. 

square inch. 

A. ^ 

cS. c. 

Days. 

A. 

B. 

0 . 

6,806. 

«71 

^ 1 

0*5 i 0 0 





16,128 

1^1 

2-0 [ ,0-5 

’7 


227 

341 

32,257 

28*9 

18*0 8*4 

28 

230 

1 ^ 419 « 

» 537 



1 

• 
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In this table A, ±5, and^C represent the samf sample of cement ground 
in threi! different and f estbcf by sieves of three cfifferent degrees of 

fineness. Sample A was the mdit coarsely ground, in that on a very fine 
silk it left a residue of 28*9 per cent. On a corresponding sieve, the 
more carefully ground samnle C left a residue of only 8*4 per cent. The 
sample A was ground as fine as it was possible by means of the mill- 
stones in comi'pon use in cement works. Sample B was passed through 
the liomogenizer, and sample C was treated a second time in the homo- 
gonizer, so as to be reduced to the finest possible powder. The cement 
C, wlien tested with three parts of sand, proved to be more than double 
the strength of sample A, tested in a similar way. Portland cement can, 
of course, be (fealt with by the liomogenizer atid gains greatly in tensile 
strength by the operation, but the improvement is chiefly noticeable 
when the cement is tested with sand. It will at once be seem that the 
finer the grinding the greater is the power of uniting together the sand 
particles, as the .action of a cement depends to a very great extent upon 
the amount of surface that it will cover. 

Properties of Slag Cement. — We may now glance at the properties 
of the slag cement, which differs to a marked degree from Portland, for 
while the specific gravity of a good sample of the latter would avenige 
about 3*10, that of slag cement never exceeds 2*75, the slag from which 
it is made having a specific gravity of about 3*00, and that of slaked lime 
being only 2*08, the diminished deriJtity being no doubt p.artly due to the 
porosity of the slag sand, A cubic foot of the slag cement weighs, there- 
fore, .about 75 lbs., or the bushel would weigh 90 lbs., being thus about 
20 per cent, lighter than Portland cement. Slag cements are essentially 
of the slow setting type, rarely taking less than five hours for this purpose. 
They distinguish themselves from Portland chiefly from the fact that 
they reach their greatest degree of induration in less than twelvemonths; 
in fact, in many cases they show but little improvement after the first 
month. They test extremely well with sand, owing to the extremely 
fine grinding, and there is less difference between the tests of the neat 
cement and that with 3 parts of sand than is observed in the case of most 
samples of Portland cement. Owin^ to the slowness of the^set they are 
ill-adapted for plastering and stucco, and they do not produce so hard a 
surface as that obtained by the use of Portland. 

These cements behaved admirably under all the volumetric tests, and 
they will stand perfectly unchanged the various steajning and bailing 
processes for accelerated set. The German manufacturers have adopted 
fot them the generic name of “ Iron Portland CeiLent.” 

Slag Cement can be Stored with Im^unity^ — Slag cement com- 
pares favourably with other similar materials when adored 'for long 
periods, t If frebly ex{)osed to the air, the available lime gradually unites 
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with carbonic ajid, ancf tnis action relat ^eJy much more r^hd than 
Is the case with Portland; thus, in four Ayr a thj/ layer of sla^cement 
gained about 5 per cent, of carbonic ’4^id, t’le amount of this ami taken 
ifj) in the same time by a similar sample o* Portland cement only 
1 per cent. The slag cement doe&i not, ht^ever, greatly (Jpteriorate in 
tensile strength by prolonged storage, as tlie follo\4ng ^vpei-tiaent tends 
to prove : — A sample of the cement was tested with sand, and gave, at 
se\en days, 254 lbs., and at twenty-eight days 340 lbs. per square inch, 
with 3 parts of normal sand. After being ke^t for fiftecui months, and 
similarly tested, the figures were 243 lbs. at seven days, and 321 lbs. at 
twenty-eight days, showing, therefore, a loss in strength of less than 
5 per cent. Slag cement yields such a fat rich mortar that it lends itself 
peculiarly well for works under water. Used for sea-walls, as has been 
done at Skinningrove, near Saltburn-on-the-^ea, it rapidly attains great 
hardness, and makes excellent work. 

The Chemistry of Slag Cement. — The chemistry of the cement 
action in the case of this material is somewhat obscure, and tends to 
subvert certain of the theories which have been put forward to explain 
the induration of Portland cemeat. Before considering the question 
further we may glance at the following analyses: — 



Portland 

Cement. 

Slas 

Cement. 

Lime (CaO), 

01*07 

39*08 

Silica, 

21*70 

24*34 

Alumina, ..... 

8*00 

1 S *74 

Protoxide of iron, ...... 


0*27 

,, manganese. 


0*23 

Peroxide of iron, .... 

2 *20 

0*14 

Magnesia, 

1*17 

6*59 

Potash, •••....! 
Soda, ! . . 

0*75 

0*42 

0*28 

0*44 

Sulphur, 


0*93 

Sulphuric acid ’ [ 

l-is 

0*25 

Cyarbog.ic acid, 

0*80 

4 07* 

Water and loss, 

1*26 

4*70 

Total, • . 

99*95 

1(H)*C6 


Here we have in the first column a sample of Portland cement of 
average composition, and in the second an analysis of slag cement 
If*he carbonalfe oi lime in the latter analysis is separately set down as 
limo and carbonk; acid wo have in the slag cement SD-fiS + 2*28 = 41*96 
per cent, of lime,^as compared with 61*07 per cent, in the Portland 
cemeAt, thqiigh prob»bi}» the 6*59 per cent, of magnesia in the former 
may be regaftied as ranking ^ith the lime. 

* C^bonate of lime equal to lime 2*^8, carbonic acid 1*79. 
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Proijortion of Lime and Magnesia to ^.oids.-jj-If we take the 
total p®"centage of ll^ne and ifiagnesia in both cements, equal to 48*55 in 
_the»8la^ cement and G2*24 in tils Portland, we find that the equation 
of totflh lime divided by silica + alumina is roughly in the slag 
cement, as compared withi^ in the Portland. This latter equation 
is fairly r3pre^enta<ive of the average composition of all good speci- 
mens of PortlaSid cement, and we should at first sight consider S 
quite impossible that a cement having the formula of ^ would give 
good results. pv 

Composition of Slag Cement throws some doubt on Chemistry 
of Portland.— *We arc in fact compelled to reconsider certain of our 
theories respecting the action of the silicates and the relative proportion 
of lime required to obtain cementitious properties. It is ])robable that 
in the case of slag cement, at the very high temp( rature attained in the 
blast furnace (that of complete fusion), compound silicates of lime and 
alumina, together with small quantities of metallic and alkaline silicates, 
are produced, which, when taken alone, are almost entirely inert. That 
is to say, that when they are reduced mechanically to a fine state of 
subdivision there is but little tendency among the particles to form fresh 
compounds in the presence of water. The energetic action of hydraulic 
cements of the Portland type is largely due, us we have elsewhere shown, 
to the formation of hydrated aluwiinates and silicates of lime, which 
rapidly solidify the water used in making the mortar, and are said to 
set. In nearly all specimens of Portland there is undoubtedly a con- 
siderable margin of lime which readily gives up the alumina or the silica 
with which it is combined on the addition of water. It has frequently 
been described as “free lime,” or even as “uncombined lime,*' though 
from recent experiments it is, as we have seen, very doubtful whether 
any good sample of Portland cement, or even of, slag cement, contains 
much lime which can be spoken of as free lime. Some of this lime may, 
however, either have been present in the original mixture in excess of 
the requirements of the alumina or the silicic acid, or it may have 
become mechanically entangled in or coated with the vitreous, or semi- 
vitreous, silicates formed in the kiln. ‘ 

Free Lime in Portland Cement. — It is difficult to estimate the 
exact proportion of this available lime, but we are warranted by what 
takes place in the case of slag cements to consider that the amount is 
considerably larger than chemists have hitherto tH'ought possible. ^ 
When Portland has been steamed or thoroughl^y ‘^purged,” and the 
whole of the available lime has been set free and hydrated, the cement 
loses its energy of set, and is rendered much safer and more reliable in • 
its.actioii. If, ap Le Chatelier supposes, the chief active constituent of 
Portland cementj^ is the tri-c^.lcium silicate, and if on treatment with. 
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water this silicate is, asjhe asserts, decomposed into two molecules of 
crystalline hydraw and one molecule of liyd|rated m(^o-silicate of^jjme; or 
if, as Meyer claims, on purely theoretifrlil grounds,* splits up into two 
mplecules of calcium hydrate and one m anhydrous moiio-silicat^under* 
either assumption there is a considerable^ margin of lime becoming 
capable of hydration. What takes place, when wjtor is aflded to the 
r/iixture of pulverised slag and hydrate of lime in the slag cement, must 
be a partial decomposition of the sparingly soluble silicates of the slag 
and a mutual reaction between them and the lime, which latter in itself 
(being previously fully hydrated) is incapable of being further acted 
upon by water. The slag contains but little free lime, as it is but 
slightly attacked by acids, but there is no doubt a slow and gradual 
decomposition of the silicates and aluminates and the other bases present 
in the slag, and a reaction ensues between these silicates and the calcium 
hydrate, leading to the formation of fresh compounds of lime, silica, and 
alumina, which are not only themselves capable of induration, but 
possess also the power of uniting very consid(;ral)]e quantities of 
aggregates in the form of mortar and concrete. 

Excess of Lime in Portland Cement. — If this theory could be 
regarded as accurate, it will be seen that it follows as a necessary conse- 
quence, either that in Portland cement a superfluity of lime is present 
(to the extent of something approaching 20 per cent.), or that in the 
* slag ccjment, possibly in consequence of the high temperature of calcina- 
tion, different combinations of the lime and other substances are 
obtained, which would, however, appear to be quite as stable and per- 
manent as those prepared at a much lower temperature in the cement 
kiln. This fact has led both Dr. Michaelis and Prof. Zulkowski to 
suggest that it would be better to melt the cement clinker into slag in 
suitable furnaces rath(;r than to stop short at the present stage of 
incipient fusion. 

Theory of Cement Action needs Revision. — We cannot, however, 
escapt! the conviction that the behaviour of the mechanical mixture of 
silicates and calcium hydrate forming the slag cement throws con- 
siderable d^ubt upon those theories of cement action which im])ly that in 
Portland cement the induration is brought about by the hydration of 
ready formed aluminates and silicates, or that certain silicates of lime, 
alumina, iron, and the jilkalies, produced in the kiln by the action of 
healj are in th® presence of water recombined or transformed into 
hydrated double silicates, since it is evident that m the slag cement, 
when produced by co?d mixing, notable quantities of hitherto uncom- 
bined lime are unitefl to.tbe silicates of alumina or other bases present in 
the sla^. [fbs exact nature^of the chemical changes which take place 
has, we regret to say, not yet been satisfactorily explainedl^ though 
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numerous attempts nave, as we n|i.ve seen, befn raac^ to account for 
these reactions. 

Ot^^r Considerations involved besides Chemical ones.— Tfiat 
other rousiderations besides purely chemical ones influence the behavioiw 
of the slag is, however, sh<twn by|he following samples of slag sand, 
which whan analysed gave almost identical results, but which, when 
treated in the ^ame way and mixed with precisely the same amount dt 
lime, gave widely different results. The composition of the slags was as 
follows : — f 



A. 


Silica, 

2410 

2;i‘22 

Alumina, 

1 10:10 

lo-Ol 

Lime, ... . . 

46 53 

47 -JO 

Oxide of iron, .... 
Soda, pol-aali, &c. 

oo:^ 

0-7S 

5-04 

5 ’oO 

Carbojiic acid, .... 

()-6r> 

o-sr> 

Moisture, 

6-45 

C\SS 

Totals, 

i 100 4)0 

100*00 

1 


Tested with sand in the same way, the tensile strength of the cements 
produced by the addition of lime was — 


1 Cement to 3 Sami. 


A 

L. 

B. 

7 (lays. 

215 days. 

7 ''ays. 

28 days. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 


431 

150 

208 

f'- 


showing a difference of over 50 per cent. x ■ 

Q-erman Tests of Slag Cement. — In order to show the behaviour 
of this cement when tested, the authors consider that the following 
details of the examination of a sample made and sealed up 'in the 
presence of one of them and forwarded to the liuperial G^rihan 
. Testing Station at Berlin in December, 1886, ma^y h& of interest,^ and 
it will serve also to show the very careful and searching mannejr in 
which such trials are conducted, and speaks vvcll for the ^qualitic»;8 of 
this material. The investigation is exti;acted from th6 Proceedings 
of the InAitution of Civil Engineers : — 
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Investigation o'i’ [Sample op Slag CemeAt carri^ out by t^ Royal 
' Tsisting-Establishment for Bi34|ding MATBmiALS at Be^in* 

Results of the examination of a parcel of cement forwarded on the 
3rd December, 1886, marked ‘‘Simple ft* Cement,” without further 
^particulars as to locality. The tests were confmenjjed ‘Sn the 9th 
December, 1886, under the rotation number Spec. XVI., No. 4,764. 

As a mean of three observations in each case : — 

Kilogiaiumes. euMcfoot. 

1 litre of the cement lightly filled = . . .1 ’0^2 • 65 

,, shaked down = . . . 1-611 100*5 

,, normal sand = 1*640 102*3 

The normal sand was obtained by the selection of the finest possible 
quartz sand, which was washed and dried. From it were removed all 
the coarse particles rejected by a sieve of 60 meshes to the square centi- 
metre, and only the particles subsequently retained on a sieve of 120 
meshes pe'r square centimetre were employed. 

The ]>roduction of a suitable mortar needed 40 per cent, of water, 
000 grammes of the cement being used. A slightly stiller mortar 
required 36 per cent, of water; the temperature of the cement and the 
water being the same, and ecjual to that of the atmosphere of the 
laboratory, the rise of temperature on mixture was 0 7° Centigrade. It 
was made up into pats on glass, and set in 2^ hours, the average tempera- 
ture throughout the experiment being 22*5° Centigrade. 

Tested with the sieve, the following results were obtained : — 

meshes i)cr square centimetre, 14*0 i)er cent, residue. 


900 ,, 

„ 50 ,, 

>» 

600 ,, 

„ 10 ,, 

,, 

324 ,, 

,, 0-5 „ 

j > 

ISO ,, 

p 

6 

)} 


The tests for expansion and contraction were carried out by means of 
ten pats #f neat cement, made up«on glass and roofing-tile, and trowelled 
to a thin edge. The pats remained twenty-four hours in air, and were 
then placed in water. They kept perfectly true and sharp-edged, and 
were free from cracks.. There was no expansion or contraction, and the 
cement adhered to the glass. When broken it presented a close even- 
grained and unifarm^fracture. 

The briquettes^ employed to ascertain the tensile and compressive 
ctrenhth wjre made up*cti December 10, 1886, as follows : — 

(a) The fieat cement wa% mixed with 16J per-cent, of water. 

(b) The sand briquettes were made of 1 part by weight ^f cement, 
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3 parts Ijy weight of normal sand, and 7^ per cef^t of wj^*ter. The mixture 
was beltlien into met!^ mould/ placjed on glass plates in the usual way. 

The temperature of thi air was 22 5® Centigrade. 

„ „ „ water was 16*2° Centigrade. 

TJie moisture of tne air \/as 68 ]>er cent. 

' f ^ 

The tests se^ the first day in air, covered up with writing pap(*r fo 
avoid too rapid desiccation ; the remainder of the time they were in 
water. Taken from the water and tested they gave the following 
results : — 
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Neat Cement (Tension). 



7 day-s. 

:is days. 


No. 





Kemarkh. 

Gcniian. 

Eiiglibli. 

German. 

Englrsh. 


Kilb. per 

Lbs. iicr 

Kils. per 

Lbs. per 



S(i. cm. 

sip inch. 

sip cm. 

B(i inch. 


1 

44-25 

629 

48-25 

080 

Mario on metal 

2 

45-, 50 

042 

45-75 

651 

plati's, with 

3 

43-25 

015 

53-00 

754 

1(U per cent. 

4 

48-00 

683 

4<i-00 

097 

of I ater. 

6 

44-00 

625 

48-00 

083 


C 

40-50 

653 

48-50 

694 


7 

45-75 

051 

48-25 

680 


8 

44-25 

029 

52-50 

746 


9 

48-00 

683 

46-25 

657 


10 

45-50 

047 

47-00 

668 


. Total, 

455-00 

6,457 

480-50 

6,92^’ ' 


Average, 

45-50 

1 

48-65 
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1 Part Cement and S Parts Sand (Tension). 


No. 

• 

7 days. 

•“ 

1 tis 

1 oerman. 

1 ys. f 


Circruian. 

1 English. 

English. 

1 


Kilos, per 

Lbs pt'i* 

J J^ilos. per 

— 

Lbs. jM I' 



sq. cm. 

sq. inch. 

[ sq. cm. 

sq. incii. 


1 

31-fiO 

448 

38*25 

544 

*Madc on non- 

2 

30*00 

427 

35*00 

498 

ai)sorbont plates, 

3 

28*r>0 

405 

30 *.50 

518 

Mith 7i per eent. 

4 

31*50 

448 

37*75 

*>5.36 

of water. 


29*00 

412 

1 35*50 

505 


6 

31 *00 

440 

1 34 -.50 

490 


7 

30*50 

433 

.35*75 

508 

• 

8 

31*50 

448 ; 

; ,34*50 

505 


9 

27*25 

387 

[ 33*50 

470 


10 

30 00 

430 1 

3G-50 

519 


Total, . 

300*75 

4,278 1 

357*75 

5,099 


Average, j 

30*07 ' 

1 

/A’S’ i 

.35*78 1 

rfJJf/ j 



The briqucttoa were kej)! for the first day in the air, and the remaininc^ time in 
water. ® 


1 Part Cement and 3 Parts Sand (Compression). 


No. 

7 <hiys. 

2« days 

Remarks. 


(roniinn. 

English. 

Gerinan. 

Englisli. 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 • 

Kilo.s. per 
sq. cm. 

229 G 
252*0 
237*4 
235*2 
233*0 
234*1 

229 *G 
24G4 
2.30*7 1 

245*3 

Lbs. pel 
sq. ineh. 

... 

Kilos. i>er 
sq. cm. 

287*8 
292*3 
.305*8 
.30.3*5 
292*3 
,304 G 

291 *2 
315*8 
292*3 
315*8 

Lbs. per 

B(|. ineh. 

Made on non- 
absorberit plates, 
mixed Mdtli 74 
per cent, of 
water. 

Total , ^ 

2373*3 


. 3001*4 



Average, 

2.37*3 1 

1 


300*1 

4,209 
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O^xAPTECl XYIII. 

SCOTT’S CEMfeNT, SELENITIC CEMENT, CEMENTS PRODUCED 
FROM SEWAGE SLUDGE AND THE REFUSE FROM ALKALI 
WORKS, AND SIDERO CEMENT. 

Contents. — Disccv'cry of Scott’s Cement — Faraday’s Opinion on tlio Theory of this 
Cement— First Patent for Scott’s Cement— Influence of Sulphur on Lime— 
Selenitic Cement — I’heory of this Cement Action — Tests of Selenitic Cement 
— Graham Smith on Sulphates — Cement from Sewage Sludge— Cement from 
Alkali Waste — Composition of the Cement — Cement from Caustic Soda 
Waste — Sidcro Cement. 

Discovery of Scott’s Cement. — In the course of some attempts to 
produce an artificial hydraulic lime by calcining lumps of chalk in a 
common fireplace, about the year 1854, General (at that time Captain) 
Scott, E.E., found to his surprise that the calcined lime would nob go 
abroad or crumble to dust in the usual way in water. Tested with acid, 
the lime was found to be prope^y burned, but it had lost its avidity 
for water. Captain Scott was thorouglily puzzled by this result, and 
he consulted Dr. Faraday in his difficulty. 

Faraday’s Opinion on the Theory of this Cement. — After 
careful consideration of the facts, that eminent cliemist came to the 
conclusion that this change in the behaviour of the lime was due to the 
formation of some form of sub-carbonate of lime — a compound the 
existence of which previous investigators had suspected, and which was 
believed to confer new properties upon the calcined lime, the most 
important of these being the above mentioned failure to fall into powder 
when quenched or sprinkled with water. 

First Patent for Scott’s Cement. — So convinced was General Scott 
of the accuracy of this surmise that ho was induced to patent the process 
provisionally in March, 1854, No. 735. In his specification he proposed 
to prepare a cement either by calcination, so applied as to drive off only 
a portion of the carbonic acid contained in chaik or limestone, leaving 
the substance in the state of sub-carhonate, or by subjecting ordijiary 
quicklime or supercalcined lime to heat in the pre^emJe of carbonic acid, 
so as to bring it back to the state of a sub-carbonatp. He also specified 
a, third process of mixing quicklime and ckr Donate of hme in such* 
proportions as tp caua3 them to form, when properly treated, a sub- 
carbonate. < r 
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Behaviour of LimC| due to Si^phur in the Fuel. — Subsequent 
experiments proved this invention to be tfounded a miscoif^eptioii, 
and*it was ultimately discovered that^e change ii^the behavio^cf„the 
lijne was due to the presence of small quantities of sulphate W lim^ 
])roduced from the sulphur in tln^ fuel. ^When the calcination was 
carefully carried out, and the resultant quicklime at*a red lu i^ remained 
fbi a short space of time in contact with brassy coal br im})ure coke, 
some of the sulphurous acid was absorbed by the glowing lime, and 
combined with it to form a sulphite, which ^ultimately passed into 
a sulphate of lime, and General Scott was the first to ascertain 
this peculiar action of sulphur compounds and sulphurk acid on quick- 
lime. 

Nature of Amended Patent. — General Scott at once perceived ihe 
importance of these new discoveries, and he took out a patent for con- 
verting lime of a partially liydraulic character into cement by the action 
of the fumes of burning sulphur. He ejected this operation by reheat- 
ing calcined lump lime in an oven, having a perforated floor, beneath 
which were placed pots of sulj)hur, the sulphurous acid from which 
ascended among the red-hot lime, leading to the formation of calcium 
sulphite, and this in turn became oxidised into the sulphate. The 
amount of sulphuric acid thus absorVied by the whole bulk of the lime 
was small, rarely exceeding from 2 to .3 per cent., and of course only 
the exterior surfaces of the lumps became coated with the sulphur com- 
pound, but when the lumps were ground, to prepare the cement for 
use, the sulphate of lime became evenly distributed throughout the 
mass. 

Similar Results obtained in other Ways. — In course of time 
General Scott found that he could obtain the same results either by 
adding sulphuric acid to the water used in preparing the mortar, or by 
the addition of powdered gypsum or plaster of Paris to the ground lime. 
It little mattered in what form the sulphuric acid was conveyed to the 
lime, and ^^any soluble sulphates were found to answer quite as well as 
the sulphate of lime. 

Very «mall Amount of SuliAur required. — In laboratory experi- 
ments very minute quantities of sulphuric acid proved sufficient to 
control the avidity of caustic hydraulic lime for water. As little as J 
per-cent, of calcium suljdiate only being needed if used in the water 
employed for tempering the mortar, while stirring in the lime, previously 
ground to a fine p^wejer. 

Selenitic Cemqp.t. — Ultimately General Scott specified the inanu- 
facture^of a^ement, whtcR he named “ selenitic cement,” by the addition 
of 5 per cent, of ground ^jiaster of Paris to Cig-lcine^ hydraulic lime, 
which was then ground to an imj)alpable j)owder and placed ffi sacks or 
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casks for use. The theory of the action of the sj^lphuric acid was 
originafty supposed ^to he a/ follows: — That each molecule of lime com- 
bined^ith the sulphuric acid af a water to form sulphate, and that the 
sulplihric acid then travelled on to the next molecule of caustic lime, 
which was, in turn converged intq. a sulphate; the sulphuric acid tra- 
versing in thi^ waj the whole bulk of the lime, leaving behind it the 
calcic hydrate Vhicli has thus been formed without much evolution of 
heat and with no apparent change of volume. This action would be a 
species of cementation, but, in lieu of the above theory, a German chemist, 
Mr. F. Schott, propounds with a much great(^r show of reason, the follow- 
ing exjdanation : — 

Schott’s Theory of Selenitic Action. — The particles of gypsum in 
solution are mechanically deposited over the molecules of lime owing to 
surface-attraction. The coating of sulphate retards th(‘ access of water 
to the lime; it forms, if we may so style it, a temporary varnish, through 
which, however, owing to its solubility, the water speedily penetrates, 
and the molecules of lime then become hydrated, but this action is 
retarded to such an extent that the combination with water takes place 
gradually, without much evolution of heat, and with little or no per- 
ceptible increase of volume. The latter fact is proved by the much 
greater density of the selenitic hydrate than that of a hydrate formed in 
the ordinary way. # 

The paste formed by tlie selenitic process is sufUciently bulky to 
penetrate the interstices between tlie sand-grains and to hind together a 
large quantity of this sand into a mortar, though, of course, it is far less 
finely divided than the particles of fully slaked lime from which mortar 
is ordinarily made. The hydrate used for common mortar is, however, 
not really a binding agent in the true sense of the word at all. 

Sulphur has no effect on Pure Limes. — If pure lime is treated in 
this way with a soluble sulphate no retarding influence is exerted, for 
the hydration takes place instantaneously before the coating is formed ; 
it is only in the case of hydraulic limes, in which the comhication with 
water is more gradual, that the coating of sulphate has time to form. 
Some interesting experiments by Mr' F. Schott, elucidating ttiis theory, 
were published in Dinglers' Polytechnische Journal^ in vol. clix, 1873, 
p. 30. 

Feebly Hydraulic Limes best adapted for Treatment.-j-The • 
selenitic process may be employed with advantage with all limes of % 
feebly hydraulic character, and it also greatly improves the eminently 
hydraulic limes of the lias formation. Limes of this kind, when made 
selenitic, will carry a largely increased voluifie of sand a¥^d give good 
r^ults. Strong tough mortar and good plasterers* stuflf may be produced 
from a mixture^of Impart of selenitic lime with from 4 to 6 parts of sand:, 



VARIOUS CEMENrS. 


251 


and it is a matter of cojimon experience tnat any given sample of lime 
when prepared by the selenitic process l^ill giv^ double th^^tensHe 
strength . with twice as much sand, when slafed und mix^ into 
mertar in the ordinary way. 

The Colour of Selenitic Cement. — Inconsequence of the fact that 
the lime does not become slaked when employ in accordance with 
\j^neral Scott’s process, it retains its original colour, a»warin huff, and 
the mortar is of course much more dense thai one made from the 
hydrate. The power of binding together lajge volumes of sand is 
strikingly shown by the tests to which this material and the original 
Scott’s cement have been at different times subjected. • 

Improvement Effected by Selenitic Process. — The improvement 
effected upon limes, when treated with a small percentage of plaster, as 
compared with the same materials when us(‘d in the ordinary way, is 
well seen in the following table, which gives some tests carried out at 
the New Law Courts, under the late JVIr. Street, K.A. They were made 
by Mr. A. W. Colling, the Clerk of the Works. The resistances were 
arrived at by pulling asunder two bricks united crosswise, so .‘is to give 
a joint having an area of 18J sqi:ure inches. One month was allowed 
for setting. In (jvery case the mortar was made in a mill, and the m(‘an 
of thr(i(} tests is indicated : — 


Matfi'iiil and luodt* of iireparntion. 

3’)*oj)ortioii of 
sand to hnu*. 

-Mean res i stance 
in ll)s 

Lias gray lime as common mortar, 

8 to 1 

112 

,, ,, selenitic „ 

0 , 


209:1 

Barrow lime as common mortar, . 

3 „ 1 

125 

,, ,, selenitic ,, . . . 

5 , 

, 1 

288H 



, 1 

i 196 


Tests of Selenitic Cement. — From a large number of tests made 
by one of 4»he authors to ascertaifl the strength of selenitic cement, as 
compared with Portland cement, the following have been selected because 
they clearly indicate the advantages of the selenitic treatment when 
earned out with suitable limes. The lias lime here used was that 
from Barrow-on-^oar, and the gray lime was from the Burham pits 
on the Medway. • TJlie whole of the samples were prej)arcd by the 
late Mr. Hartley, \^o liad a long experience in cement testing. The 
tests w^re ip all cases In^de with ordinary stock bricks bedded across 
one another right angles, •giving a joint with® an area of 20 square 
inches. 
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1 - 

•• x'fature of 

f 

Age 

in Daysr 
when *’ 
I'mc- 
tured. 

r Parts of Sau(f to 1 of C^neut or Lime. 

Material. ^ 

'V 

pV^and. 

4 Sand. 

6 Sand. 

6 Saifd. 

rf- 

Portland cement, . 

28 a. 

*r 

463 

325 

* 

313 

Barrow telenitV, .' 

28 

1 

541 

418 

399 

399 

r 

Burham selenitic, . 

1 

28 1 

484 

454 

368 

408 

Portland cement, . 

a. 35 


520 

433 

309 

Barrow Bolonitic, . 

35 

i 435 

1 .1.30 

438 

4.30 

Burham ft(‘lenitic, . 

35 

1 421 

j 430 

460 

556 


Kirkaldy’s Tests of Selenitic Cement. — Cy far the most un 
portant sctIcs of tests of this uiaterial with which wo are acquaiiitcu 
was carried out for tne Selenitic Cement Company by Mr. D. Kirkaldy 
in 1872. (Sec Appendix A.) He ascertained the resistance ot selenitic 
cement exposed both to forces of tension and compression. In the 
former set of experiments he made use of test-briquettes having an area 
at the neck of 5 square inches, and also of bricks bedded crosswise, 
having a sectional area at the joint of 18'5 square inches. Tiie blocks 
used for the tests in compression, had a base area of 7*84 square inches. 
The test-briquettes of common iime mortar, w’hen broken eight weeks 
after being made, showed a mean stnmgth of 23 b lbs. per square inch. 
Selenitic mortar, made from the same lime and with double the sand, 
attained in a similar time a strength of 83*0 lbs. per square inch. Blocks 
of common mortar crushed under a load of 121*7 lbs. per square inch, 
but when treated selenitically and used with twice the sand, the blocks 
withstood a load of 629 *0 lbs. per square inch. 

Experiment in Slaking Lime Powder, — The selenitic action is 
likened by Mr. Schott, to who.se theories we have already alluded, to 
what takes place when dry, finely-powdered quicklime is tightly packed 
ill a metal cylinder pierced with very minute perforations. If such a 
cylinder of lime is placed in water, which can then only rec.?h the lime 
in very small quantities and very gradually, the lime is converted into 
a den.se hydrate, which resembles in every v^ay the hydrate formed 
by the selenitic ])rocess. This experiment would seem to confirm the 
accuracy of Mr. Schott’s theory of the selenitic process. 

Mr. Graham Smith’s Observations on Sijlphates.— It is much 
more difficult to understand the reason of the influence of sulphate 
of Jime on slaked lime, as observed by Mr. Graham ^Smith, who# 
in a paper on “The^ffect of Sulphates ,pn Lime Morta.,” has shown 
that caltium sulphate has a notable influence when mixed in certa^ 
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proportions with slaked ^nyarauiic ijmes. in iiSTU, while he wa« in 
charge of the various cements and mortar* employed in the w^ks in 
progress at the Liverpool Docks, h(/^arried outfa large nun^r. of 
experiments with Halkin lime from Fiintsliire, a variety of wKffe lias^ 
with fair hydraulic properties. 

The analysis of this limestone is as follows: — 

O' 

Analysis of Halkin Mountain Limestone. 


Composition. 

1 

Percentage. 

1 

/ Carbonate of liino, .... 
Siibatances soluble | Carbonate of magnesia, 

in acids — < Protocarbonate of iron, . . . \ 

74*726 per cent. | Sulphide of iron, . . . . j 

Alkalies, 

Subslauces iiWul.lo ^ a/;';;, i ! 

. 1 Seaquioxidc of iron, &e. , . 

P<'>’ cent. ^ t\'ator and earhonaceoua matter, 

• 71*546 

i:m 

1*040 

0*792 

20*068 

.3*521 

1*192 

0*49:i 

Total, .... 

100*000 


The whole of the mortar used in the tests was mill-made, ground 
30 minutes; the proportions indicated are in all cases by volume. The 
briquettes were of the ordinary shape, lj"x 1^", or 2 ^ square inches in 
area. They were broken in a Michele lever cement-testing machine. 
Corresponding tests were made with bricks bedded crosswise on the flat, 
giving a joint of 4J"x4|"=18 square inches, and the results though 
similar were scarcely so favourable to the sulphate mortar as the 
briquette tests which we have appended. 

Common Slaked Lime Mortar Improved by Sulphates. — It will 
be seen that with 4J per cent, of sulphate, even with double the volume 
of sand, the mortar was much stronger than when lime alone was em- 
ployed. It is to be regretted that no results are given with other 
proportion# of sulphate. This mortar was found not to be adapted for 
use under water. The explanation of the foregoing results is surrounded 
with many difficulties, as the chemical action is quite different from that 
of selenitic cement, in *which the slaking action is controlled by this 
means. We must probably seek for the solution in connection with the 
silica and alumina compounds of the Halkin lime, and it would be 
interesting to ascertain the behaviour of other hydraulic limes treated 
in j. similar >yay. 
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Experimknts with^Halkii^ Lime Mortak wth and without Sulphate 
OF Lime. 


i 

'1 





Number of Lbs. * 

f 




Mixed 

required to Break liy 
Teusutn Bruiuettcs of 








2 

Siiuare Inches.* 

l)KSf’ini>TI(»N OF Moktak. 




or Krcsli 









V 

Water. 







2 

a 



21 

42 

84 

168 




CO 



Days. 

Days. 

Days. 

Daj.. 

Ordinary 

mortar, . 

1 

2 

1 

Fresh. 

60 

130 

153 

248 

Do. 

do. .... 

1 

2 


Halt. 

47 

74 

134 

147 

Do. with 4?. Tier cent, iilaster, 

1 

2 


rrc.sh. 

98 

141 

340 

375 

Do. 

do., 

1 

2 


Salt. 

67 

183 

232 

387 

Do. 

do., 

1 

3 

Fresli. 

122 

156 

306 

398 

Do. 

do., 

1 

.3 


Halt. 

140 

210 

376 


Do. 

do., 

1 

4 


Fresh. 

97 

154 

299 

422 

Do. 

do., 

1 

4 


Salt. 

100 

190 

401 


Do. 

do., 

1 

5 


Fresh. 

65 

193 

253 

360 

Do. 

do., 

1 

5 


Salt. 

70 

232 

312 

320 


Cement from Sewage Sludge. — While treating of General Scott’s 
eemont, we must briefly allude to his jiroposals for the manufacture of 
cement from sewage sludge, a plan which was actually carried out upon 
a considerable scale at Birmingham, Burnley, Ealing, and several other 
towns, and one which enables the authorities to dispose of their sewage 
sludge with profit and jidvantase. This invention was a development 
of tlie so-called “lime process” of sevvago treatment. In accordance 
with this process, a small quantity of slaked lime (from 15 to 23 grains 
per gallon) in a fine state of subdivision is added to the sewage water, 
and as this substance becomes mixed with the water in the sewer it 
gives rise to a copious precipitate, consisting mainly of carbonate of 
lime, together with a little phosphate of lime. The sewage is then 
allowed to pass into tanks where the flow is arrested, and the precipi- 
tate slowly sinks to the bottom, and in so doing it entangles and 
carries down with it nearly all the suspended impurities, leaving the 
supernatant water thoroughly clarified, and in a fit condition to be dis- 
charged into rivers of large volume. The sewage sludge or mud which 
remains at the bottom of the tank, when this clear eflluent has been 
drawn off, is dried either on hot floors or by mechanical pressure, or 
other suitable means, and when sufficiently dried it is burnt in down- 
draught kilns of special construction, with small quantities of inter- 
stratified fuel. ' ' , 

Character of Sewage Cement. — General Scott lyas able to produce 
in this way a cement which had approximately the composition of Port- 
land cement, because the detritus and clayey ^matters washed frem the 
surface of the roads, and the ash of the fsecal and other orgaric substances 
In all cases the average of three tests. 
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always present in sewage watir, furnishe*d tlie^arnouAt of\silica, alumina, 
and iron needed foy the cf|nent. In dfy weather it became necef^ary ii^ 
certain cases to add a small quantity clay to tJjepsowjige wate^ along 
with the lime; this addition of clay Aids in the clarilication^^ tlie^ 
sew*age, and need rarely exceed a few grains per gallon. This plan of 
dealing with sewage liad manifest advantages, as it enabled •municipal 
aU(^horities to get rid of the sludge witliout expensf, ana lime is well- 
known to be the cheapest and best precipitating agent. It was found in 
practice that from 1 to H tons of quicklime were needed for the treat- 
ment of one million gallons of sewage water, br, say, for the daily 
volume of sewage produced by a population of 25,000 persons. If the 
cost of lime be taken at 15s. per ton, this implies a cost of 9d. per diem 
per thousand inhabitants. From each ton of lime used with sewage of 
average composition, there will result 30 tons cf wet sludge or 3 tons 
of dry sludge. Tliis sludge when calcined will yield about IJ- tons of 
cement. It will be evident tliat, after undergoing calcination, all 
noxious matters will have been completely destroyed, and this plan 
of disposing of town sewage has thus many important recommendations 
from the hygienic point of view. 

Difficulty of Drying Sewago Sludge. — One of the chief drawbacks 
encountered in carrying out this process upon a commercial scale was 
that the resultant sludge was extremely retentive of water and difficult 
*to dry. The raw materials were also more fusible than the ordinary 
slurry, composed of lime and clay, in consequence, no doubt, of the 
large admixture of organic matter derived from the excreta; but we 
are of the opinion that this process, if it were efficiently carried out 
with the appliances now available for burning and grinding, would be 
found a successful and economical plan of disposing of the sludge, 
which has always been one of the main obstacles encountered in dealing 
with town sewage by treatment with lime. 

Quality of Cement from Sewage Sludge. — The quality of the 
cement made in this way will manifestly greatly depend upon the 
composition of the sewage water, and on the impurities present therein. 
By carrying out the calcination at a lower temperature, the sludge may 
be converteTl into hydraulic lime, or a lime suitable for agricultural use. 
It was found by experiment that, for each ton of lime introduced into 
the sewers, 45 bushels of good agricultural lime, valued by Dr. Voelcker 
at 1&» per bushel, were obtained. The cement made at Burnley which 
was calcined at a^high temperature, though it fluctuated somewhat 
widely in compositioif, owing to the varying quantities of detritus 
carried into the sew As c^u^ing rainy weather, commanded a ready sale, 
and shoVed fair degree of tensile strength. We believe that this 
valuable invent?''’' r .-A .t: — * u..j. 
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the })resent state oi our Cnowledge of ce^iient manufacture, it could be 
aarrie^ out with complete success, and would prove a means of over- 
covning many of the*^ difficulties yi' defecating town sewage. 

CA^nent from Alkali Waste. — By means of certain patented pro- 
cesses Messrs. Chance are now enabled to extract from the alkali waste, 
resulting from the manufacture of soda on the Leblanc system, a very 
large part of the combined sulphur which was ]>resent as sulj^hate and 
polysulphides of calcium. This discovery may hereafter provide a mode 
of utilising those vast mounds of bye-products which now encumber the 
ground, and so sadly disfigure the vicinity of alkali works. In order to 
find some means of using the lime after the sulphur has been extracted, 
it has been more than once propoa(‘d to employ this material in the 
manuliicture of Portland cement, but the ])ercentage of sulphur still 
remaining in the waste has hitherto rendered this out of the question. 
By introducing a slight modification of the treatment one of the authors 
has succeeded in producing Portland cement from this material, and 
from a paper published by him in the Jotirnaf of the Society of Chemical 
Industry of June 30th, 1892, we have extracted the results of certain 
experiments made about that time with a sample of alkali waste which 
had the following composition : — 

Coke 

Sand,. 

Silica, 

Alumina, . 

Ferrous sulphate, 

,, sulphide, 

Calcium carbonate, . 

,, sulphate, 

' Magnesium carbonate, 

Soda, .... 

Water, 

lOp-277 


101)4 
1*156 
0*9*26 
1*488 
0*4*21 
68*861 
4*735 
2*428 
0*962 
15* 


For reasons given below this ma^terial after being dried ^nd ground 
was mixed with a marly clay, containing 30 to 40 per cent, of carbonate 
of lime, and a considerable excess of water, which was allowed to drain, 
off; advantage being thus taken of the sligjit solubility of calcium- 
sulphide. The dried slurry thus produced was found after Cu^refill 
■ calcination to yield a cement which stood high tests and gave good 
results when mixed with sand. As this substance proved very fusible, 
considerable care was needed in the burning, ''.rd tfie mixture with a clay 
rich in, carbonate of lime was rendered necessary to biing down the 
proportion of c^ijciuip sulphate in the resultant cement. 
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Composition of th^ Cement. — /’lie dried siarry was found to have 
the composition sfiown in Col. 1, and in Ct)l. 2 w^give the analysis of 
the hement : — 


• 


• ^’0. 2. 

• 



Coke, water, and organic matter, 

1 


Sand, ........ 

1 

2-749 

Silica, . . ; 

12 •2*20 

j 18-215 

Ferrous oxide . 

• 3-427 

6-563 

,, sulphide, 

Alumina, . 

0-324 

4-993 

. ; 8**048 

Calcium carbonate, 

71-002 

1 

,, sulphate, ...... j 

Lime, 

Magnesium carbonate, 

2-455 

i 5-006 

i 56-682 

i-955 


Magnesia, 


! 1-6.39 

Potash, 

0-671 

0-654 

Soda, &c., 

0-77*2 

0-779 


' 100-200 

1 

UK) -335 


It was found in practice that if it is so far free from sulphur com- 
pounds as to give in the cement a quantity not exceeding 5 per cent, of 
calcium sulphate, alkali waste may, after treatment by the Chance 
• process for the recovery of its sulphur, be successfully utilised for the 
manufacture of Portland cement. We learn, indeed, that Messrs. Chance 
have themselves established the manufacture of cement from their 
waste, upon a commercial scale, and that they are now producing con- 
siderable quantities of Portland cement of excellent quality from this 
material. 

Production of Cement from Caustic Soda Waste in America. 
— In order to work up the waste arising in soda manufacture, the 
Michigan Alkali Company, using the ammonia soda process and pro- 
ducing about 110 tons of waste per diem, erected a plant in 1899, from 
the design* of Messrs. Lathbury and Spackraan, to convert the bye- 
product into Portland cement. The residuum, which is pure white in 
colour and^^ree from grit, is mixed with the bluish clay from the valley 
of the Detroit River. The following analysis shows the composition of 
the raw materials. XJnlike the waste from Messrs. Chance’s Works, the 
resi(Ju[um from the ammonia soda process is practically free from calcic 
sulphate, but the percentage of magnesia was deemed to be excessive. 
The limestone at firsts used has, therefore, been discarded in favour of 
one with a much smaller quantity of magnesium carbonate, and the 
waste used as^the lime ingredient now contains only about 1 per cent, 
of magnesia ; — 


IT 
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Waste. 

'Calcium carbonate, . ' . 

^ Calcium hydrat'd, . . 

i.tagncsium carbonatu, 

Magnesium hydrate, ^ . 

Silica, .... 

Oxid(‘s of* iron and alumina, 

Sulphur, .... 

Alkalies, .... 

J'otal, . 


ClAY. 


Silica, 

. 46-81 

Oxidea of iron and alumina. 

. 14-21 

Calcium carbonate, .... 

. 2r)-()7 

Magtiesinni carbonate, 

. 7-58 

Sulphuric anhydride. 

. 1-18 

Alkalies, 

. 3-04 

Total, .... 

. 97-89 

Loss on ignition, . 

. 15-74 


Very special attention has liween paid in the design of the works to 
so arrange the plant as to be as nearly automatic as possible, and to 
avoid all resort to manual labour. The clay is first dried in rotary 
driers, and is then introduced in the requisite proportions into the liquid 
waste, and the mixture is pugged with additional water. The liquid 
slurry is then ground in tube-mills, so that 95 per cent, will j)ass a 200- 
mesh sieve. The slurry is pumped into rotary kilns, and burnt into 
clinker by coal dust mixed with air under pressure. The clinker at the 
discharge end of the kiln falls into a ho])per shaped concrete pit, whence 
it is raised by elevators into a sj)ecially-designed cooling bin. After 
final grinding in ball-mills and tube-mills, the cement is eLvated and 
carried by an overhead conveyor into storage bins, from whence it passes 
to the packing machinery. The capacity of the plant is 450 barrels 
per diem. 

Krupp’s “Sidero Cement.” — In consequence of the destructive 
action of sea-water, and of water containing sulphuric acid in solution, 
upon Portland cement, Messrs. Fried. Krupp have recently introduced a 
variety of cement, which they have termed “sidero '’cement,” in which 
clays rich in alumina are replaced by iron ores or ores of manganese,, 
and even chrome ore tailings and these are used in conjanetbn with 
chalk marl riejj in atlica. It was pointed out thirty years ago by 
Michaehs an^ Schott that the alumina in cement mi^ctures might 'be 
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replaced by iron ^xide, ijnce the fer»itc of lime and the manganite of 
litvc harden just as well under water as*the aluminate of liwe, and 
Portland cement made under these *<^nditions il no longer to 

thfe formation of the double salt, the silicatt* of lime and alumii/a,*whicfi 
crystallises with a relatively large^ percentage of M^ater and with a 
considerable increase of volume, and which, owiifg to its^liigh per- 
centage of lime in combination with the alumina, is pecii'iarly exposed 
to the attacks of the magnesium sulphate present in sea-v/afcer. 

Py the selection of suitable ingredients riclf in iron or manganese, 
which are incorporated with clialk marl containing very little magnesia 
and alumina, but with a high percentage of active Silica, Portland 
cement may be produced by the dry process and calcined in rotary 
kilns. The mixture is so made that from two to three equivalents of 
lime are added to one equivalent of the hydraulic factors, SiO.^ + KoO.j. 

The mixture must be burnt to a clinkering heat, but as the calcium 
ferrites sinter at a lower temperature than the ordinary Portland 
materials, the cost of fuel is less than under the old process. The 
sidero cement clinker varies in colour from brown-black to black, and 
when ground it produces a light brown or a chocolate-brown powder, or, 
if rich in manganese, the powder will be black-brown in colour. The 
specific gravity is higher than is the case with the ordinary Portland 
cements, and may run from 3*25 to 3*35, and may even reach 3-44 ; this 
is due to the large percentage of iron present. 

The chemical composition of the ore cement is indicated by the 
following analyses : — 



A. 

B, 

C. j 1). 

Silica, 

Alumina, .... 

Oxide of iron, 

Oxide of manganese, 

Lime, • ® . 

Sulphate of lime, . . . 

Magnesia, .... 
Potash ainil soda, 1 Not 

Insoluble, j determined. 

21-785 
4-431 
6-062 1 
1-814/ 
64-476 
0-888 
0-291 
• 

23-841 

2-862 

8-209 

62-8.30 

1-239 

0-554 

19-901 
3-548 
/ 9-643 1 

1 0 -150 i 
65-557 
0-602 
0-658 

22-243 

1-602 

11-138 

62-416 

0- 995 

1- 174 

99-747 

99-585 

100-059 

I 

99-568 


Wherein one partly *-eight of the hydraulic factors (silica and oxide of 
iron and alumina) is respectively combined with 1'890, 1-906 1-970 
and 1 *800 parts of lime. * ^ * 

The cement is relatively* slow in setting, paobably owing to the 
absence of the ^ergetio action of the aluminate of lime, whe# treated 
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with water; but after three days M water, the material attains a con- 
siaerabte degree of strength, iixd in the later stages of induration it even 
surpaSMc;? Portland clment in it| Vesistance to crushing stress, which is 
in closh^iccord with the density of the mortar. ^ * 

Sidero cement perfectly jwithstapds the action of sea- water, and it is 
also unacted upon b; soda, lime, magnesia, and by iron sulphate. It can 
be mixed with considerable qoantit'es of gypsum without any sign ot 
expansion or- disintegration, and it may be used with good effect with 
ordinary Portland cem^t, to which it imparts an additional degree of 
hydraulicity, and by this means the brown colour of the original cement 
may be varied to any shade from light grey to dark brown. 

The following figures indicate the resistance of the new cement to 
tensile and crushing stresses in lbs. per square inch. A and B are 
samples of neat cement, and C is cement mortar, with three parts of 
normal sand. Each result is the average of ten separate tests 




A. 

B. 

c. 1 

I 

Age. 

Tension. 

Com- 

pression. 

Tension. 

Com- 

pression. 

Tension. 

Com- 

pression. 

3 days, 

7 „ 

28 „ 

90 „ 

1 year, 

2 years, . 

414 

714 

794 

965 

915 

861 

5,600 
11,243 
14,885 ^ 
16.285 
17,500 
19,715 

415 

700 

857 

943 

971 

029 

10,714 

15,500 

16,057 

18,000 

20,113 

143 

207 

371 

457 

486 

557 

1,657 

3,114 

3,428 

5,915 

7,143 

8,757 

— 

-■ 


Tests which have been made with the sidero cement in sea-water 
show scarcely any traces of having been attacked, such as softening 
at the edges, blowing, or cracking, after exposure lor two years, an 
it would appear that in this new material engineers have a reliable 
cement for marine constructions of all kinds. 
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CHAPTER XIX. 

THE PLASTER CEMENTS* 

Contents. — Plaster of Paris as a Cement — Lo Chdtelier’s Experimejits — Prei)aration 
of Plaster — Plaster Kilns — Dumesnil’s Improved Kiln — Coke-Ovens and Plas- 
ter Kilns — Use of Superheated Steam— Grinding of Plaster for Use — Gauging 
of Plaster— Researches by Landrin and Lc Chdtclier — Use of Alum — Keene's 
Cement — Martin’s Cement — Staff. * 

Plaster of Paris as a Cement. — A whole series of cements, which have 
as their sole or chief ingredient sulphate of lime or plaster of Paris, 
dep(‘nd for their set or induration upon entirely different properties to 
those which influence this reaction in the case of cements prepared from 
carbonate of lime. Calcium sulphate is found in a natural state in a great 
variety of forms, and is a substance of very common occurrence. As 
gy})sum, the hydrated sulphate, the state in which it is perhaps most 
widely distributed, it contains in each 100 parts 32*60 of lime, 46 *.50 of 
sulphuric acid, and 20*90 parts of water, the chemical formula being 
CaOSO.j f 2HoO. There are numerous varieties of gypsum, some of them 
being trans[)arent and crystalline as in selenite, some amorphous, and 
some fine grained and compact as in alabaster and plaster stone. 

Calcic sulphate also occurs more rarely in tlie anhydrous state, devoid 
of water, when it is known as anhydrite, and it then consists of a 
crystalline mass with a regular cleavage into rectangular prisms. This 
mineral has not, so far as we know, been employed for industrial 
j)urposes. 

Properties of Calcic Sulphate. — Sulphate of lime has a specific 
gravity of 2*31. It is slightly soluble in water (much more so than the 
carbonate). At a temperature of GO” P., 1 part of sulphate of lime will 
dissolve in about 490 parts of water. As the temperature rises the 
Bolubilit]^ increases until the wat^ reaches 100*4” F., when the solubility 
again decreases. At the boiling point 1 part of sulphate will be con- 
tained in 571 parts of water, but by long-continued exposure to warm 
water the proportions may be varied somewhat considerably, and sul- 
phate freshly precipitated is more soluble than gypsum. The raw 
gypsum or plaster sitone is less soluble, moreover, than that which has 
been calcined. Tlj^ industrial value of the sulphate of lime consists in 
the fagt that the 2 equfvS.lents of water with which we have seen that it 
is combined may be expelled at a temperature of^about 392” F. A large 
part of this water may be driven off at a much lower* tempefature, and 



262 


CALCAREOUS CEMENTS. 


where the material U redilced to powder Und kept well stirred about 
three-fourths of the water ma^ be 'expelled at p little below the boiling 
point^f water, or abc^it 205° F. ^ : 

, M. Ju Chatelier’s Experimduits.— M. Le Chatelier, a French savant, 
who has recently carried out some interesting experiments in the dehy- 
dration of file plaster stone, ^and whose observations were communicated' 
to the Acadeinie des Sciences in 1883, has remarked that there are tw^) 
distinct periods of rest during the j-rocess of expelling the water. His 
mode of demonstrating this fact was as follows : — Some pulverised gyp- 
sum was introduced into a hard glass tube, immersed in a paraffin bath, 
and gradually heated, the temperature being read off at regular intervals 
of time, by means of a thermometer imbedded in the plaster. By con- 
structing a curve, showing graphically the increase of temperature for 
regular periods of tim(‘, it was seen that the heat rose rapidly to 230" F., 
then more steadily from 230° to 248", remained for some time nearly 
stationary between 248" and 266", then rapidly increased between 266" 
and 284°. A second, but minor, halt in the process took place between 
320" and 338°. These two interruptions indicate the absorption of heat 
which accompanies the elimination of water, and point to the existence 
of two different hydrates, whose decomposition takes place at differing 
ranges of temperature. 

The first of these compounds is represented by the formula commonly 
used for gypium — viz., a hydrate in which 1 part of the calcic sulphate 
is combined with 2 parts of water CaSO^-f 2HoO. This suVistance parts 
with three-fourths of its water to form the second hydrate, in which 
2 parts of the sulphate are united to 1 equivalent of water, which 
compound would be represented by the formula 2 (CaS 04 ) + H 2 O. 

Commercial Plaster is a Hydrate. — The existence of this liydrate 
was clearly shown by M. Le Chatelier, for on heating for some time 
10 grammes of powdered gypsum at a temperature of 311" F., which 
is intermediate between that needed for the decomposition of the two 
forms of hydrate, lie ascertained that the loss of weight was uniformly 
1-56 grammes, which corresponds very precisely with equivalents of 
water, and from this it is clear that *he compound thus obtained con- 
tains only half an equivalent of water, combined with the sulphate, or 
about 6*2 per cent. Ordinary commercial plaster of Paris as prepared 
for use contains, as a rule, about 7 per cent, of water, and hence it 
consists almost exclusively of this particular hydrate. 

Plaster Burnt at High Temperatures. — On submitting the plaster 
to a temperature of 338° F. and upwards no change is apparent, so long aa 
the' heat does not exceed 390" to 430", but beyond this point the material ’ 
begins to lose certain of its essential properties. It ceasv^s to absorb 
^ater wit^ avidity, and sets only after a long interval of time. If the ' 
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heat reaches 650** it cannot ]|e gauged in thetordin^y aiid comports 
itself exactly lik^ anhyd|-ite. In thi« F.ate it i s termei ‘ dead-burned.’' 

,pverburnt Plaster Combines very Slowly WitTi Watew — It has* 
sometimes been asserted that plaster 1j|us treated ^an no longer c^bine 
with water, but this is an error, as the hydration can still tak?*place^if 
the substance be reduced to a very line pov^er ] the pro''* however, 
g^reatly retarded. On continuing the calcination tl > plaster to the 
temperature of bright redness, the substance melts into*a vitreous paste, 
which forms a crystalline mass on cooling, having all the attributes of 
anhydrite, which is no doubt a native gypsum, dieted upon by volcanic or 
similar agencies. It is impossible to decompose this substance by heat, 
but if strongly heated in contact with charcoal, or in* the presence of 
decomposed organic matters, it loses part of its oxygen ajid is converted 
into calcium sulphide, which substance is in turn acted upon by carbonic 
acid and water, giving rise to the evolution of sulphuretted hydrogen gas. 
It is in this way that we are able to explain the presence of .sulphuretted 
hydrogen gas in certain mineral waters, originally containing sulphate 
of lime in solution. When waters rich in dissolved sulphate of lime are 
used in boilers, or when sea water is employed, a deposit or scale is 
formed, which consists mainly of the hydrated sulphate with half an 
equivalent of water, or one in which water is present to the extent of 
some 6 or 7 per cent. The mean of several analyses of boiler-scale from a 
marine boiler show this substance to have the following percentage 
composition : — 


Carbonate of lime, . . . . 

0‘3 

Peroxide of iron, . . . . 

20 

Water, ...... 

5-8 

Sulphate of lime, . . . . 

. 91-9 


1000 


Preparation of Plaster requires great nicety. — It will be evident 
from the foregoing observations that the preparation of plaster of Paris 
is a maffcer of considerable nicety, amd that the degree of calcination 
rciquires attention and care, for while, on the one hand, too high a tem- 
perature^ produces a more or less inert substance ; the failure to expel 
the water of hydration renders the material useless for moulding and 
casting, which, at anjr rate in this country, forms one of its chief uses. 
Ii» many parts, of France coarse plaster takes the place of lime mortar, 
and impure sulphates, or those mixed with small quantities of slaked 
lime, appear to be wTsll adapted for this purpose. Moreover, precautions 
must be taken in*burjajng the plaster to avoid direct contact with the 
fire, a§ cai^essness in this respect leads, as we have seen, to the forma- 
tion of calcium sulphide, a ^ery objectionable product.. 
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Preparation of 6 Piaster formerly iCractised. — The oldest and 
simplestjplan of burning plaster-stoiie, and the oije which is still most com- 
©i^iployed abroad is effected jn a rude shed, enclosed on three s’des 
by wall^^of brick or s\ one, and rch/fed in to protect the contents from the 
weather. As will be seen by Fig. 59, the floor is sometimes hollow, and 



Fig. 50. — CoAered Hovel for Burning Gypsum. 


upon it the stone is built in a series of rough arches, x, x, x, disposed 
parallel to the main walls of the building; these arched flues are 
constructed of the largest lumps of stone, and immediately over them 
are placed the lumps next in size, the smaller pieces being next selected, 
and the size of the pieces of stone decreasing upwards as the heat from 
the fire diminishes, the top of all being covered in with dust and 
sweepings. Wood fires are then lighted in each flue, and these are 
regulated so as to produce a moderate heat, and they are kept going 
as steadily as possible in order to maintain an equable temperature 
throughout the entire mass of stone. ^The flames pass upward^* through 
the interstices of the material and drive off the moisture and the water 
of hydration, which escape in the form of dense vapours, and pass 
out through openings in the roof and in the upper part of the shed. 

Plaster Burnt with Coal.— When coal is employed iii the calcination, 
rude furnaces are formed in the arched spaces beneijith-the floor, as seen 
at z, z, z in our illustration, and the flames pass through special apertures 
contrived in the tops of the arches. The firing is continued until the ' 
arch stones at the base of the mass show visible redness, for about 
twelve hoqrs, aft^ which the fires are drawn and the plaster is allowed ' 
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to cool slowly. It will reakiily be seen tlfit thiti plan is a very nn- 
scientific one, for Vhile tlie lup layers av 3 'n barely deprived* of thoir 
rom'bined water, the lumps ibrining^ the voussou*s of the arch^ aie 
ov^rburnt, and yield a partially if no# wholly ivirt plaster. ^41 spi>e 
of every care also, it is impossible to prevent; the formation of a certain 
percentage of calcium sulphide, whic# gives rise to^ihe iit’])hysant smell 
oP sulphuretted hydrogen always apparent when plasU*i made in this 
way is gauged wdth water, and the presence of this sulphide is very 
unfavourable to the setting of the compound. 

Preparation of Plaster in the Vicinity of Paris. — A much better 
system of dehydration is that practised in the vicinity of Paris, for 
which a kiln is employed somewhat resembling in form those used for 



lime, but furnished with an arched cavity at the base, formed of fire* 
bricks and pierced with openings for the passage of the flame and heat. 
In a suitable kiln of this description the heat can be more evenly 
distributed, but it has the same objection as the one we have jmeviously 
noticed, that the bottom layers f eceive much more heat than those at 
the top, and the product, even with the utmost care, is never uniform 
throughout. 

Plaster Kiln of Improved Construction.— A kiln which is much 
better in principle, in that the heat is under more complete control, 
and can be imparted jmore evenly to the whole of the contents, is that 
invented by M. Dtynesnil, shown in Figs. 60 and 61. This kiln is 
circular, in plan and haS •a central furnace, D, above which is the fire 
chamber, G, formed of fire-biyck and furnished wjth twelve openings at 
P, F, Fj the flame passes from the furnace into the*chamb%r, G, by 
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curved flues, seen iU. sectton at E, E. Bb-ch of the openings at F is 
cpnnectpd with a radiating ^flue, M, constructed with lumps of plaster 
buijjt* iiSto the form of an arch. these flues the stone is arra^iged 

\n laypt^, 11, S, T, th!p larger piedfis of stone being placed near the bottom 
and the smaller fragments in the upper layers. The top of the kiln is 
arched, and has one central and ft ur smaller flues, all of which can be 
closed by meahs o^ dampers. In the arclied roof, L, L, is an orifw e, 
N, for filling the top of the kiln, while a door in one side serves for 
emptying and loading. The stoke-hole is shown at H, and the ashpit 
at I. In burning this^kiln, which is 20 feet in diameter and 13 feet 
to the top of the arch, the contents are dehydrated by means of a 
moderate fire in about twelve hours, and then the fires are extinguished 
and an extra charge of 6 or 7 cubic yards of stone is added above the 
top layers, after which all the openings are closed, and the heat of 
the former charge is sufficient to effect the dehydration of the topping. 
The contents of this kiln are found to be about 45 cubic yards. The 
kiln is economical to work in the matter of fuel-consumption, and the 
products are fairly uniform in quality, but the first cost of its erection 
is very considerable. 

Other methods of Burning Plaster Stone. — Various other plans 
for burning plaster stone have been from time to time introduced, some 
of them with a fair measure of success. Thus the waste gases from coke 
ovens have been utilised to heat the stone, and the arrangement of the 
kilns and ovens for this purpose is shown by Figs. 62 and 63. Here 
A, A, A are coke ovens of an ordinary type which discharge their 
surplus heat into a collecting flue, B. This flue communicates with a 
subsidiary flue, C, leading to the plaster kilns, D, D, D. It is possible, 
by means of dampers at E, E, E, to turn the heat into any one or 
more of a series of kilns. The floors of the kilns are perforated, and the 
flames pass up into the charge of plaster stone, which is piled up to a 
considerable height. The steam and waste heat finally escape by 
means of a collecting flue running along the tops of the kilns into the 
chimney, F. 

Use of Superheated Steam. — Superheated steam and gas have also 
been employed successfully. When steam is used it is raised to a tem- 
perature of about SOO” F. and blown alternately into each of two chambers 
filled with raw stone. The high temperature of the steam rapidly 
abstracts the water of hydration and leaves the plaster in a condition 
ready for grinding. Some experiments upon a small ^ecale conducted by 
Mons. Violette led him to the conclusion that 3 cwts. of gypsum could 
be dehydrated in three hours by a current* of superheated steaih, 
amounting in weight to about 132 lbs. 

Sevenl processes have been brought forward for dealing with^ the- 
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plaster stone in continuous *ilns, or “ running \'ilrfb/’ resf mbling somp- 
what those used hj linieiburiiers, and a prj)cef of roasti ig in cf lindens 
caused to rotate, or furnished with a.creeper or sniral screw, .^) sjg to 
mo^ve the plaster continuously for war lAfrom fcA to the olijl^r, b?^ 
also been tried. Many of these jilans liave resulted in the production of 
plaster of good and uniform quality^and frSe from ihe ihipir ties and 
infperfections arising from the crude and unskilled procg^si s ni common 
use. 



Fig. 62,— Section through Cc.nbined Coke Ovoiis and’Kilns. 



Fig. 03.— Plan showing Conibinod Coke Ovens and faster Kilns. 

Best plaster Prepared by First Grinding the Raw Stone.— For 
plaster of the best description, capable of setting quickly, and ensuring hard 
and durable casts, moulders prefer to obtain the raw stone for themselves, 
and^o grind the same t» a tine powder. This powder they then prepare 
for use by a so-called process of “ boiling.” The })laster meal is spread in 
a layer, some 2 or* 3 inches in depth, upon a hot j)late or in a shallow 
metal dish over a fir^; in a short time, when the temperature aj)proaches 
that oi jDoilipg water, a •strange motion is communicated to the whole 
mass of the fnaterial, and tl^e surface appears tg rise up bodily as if 
suspended by the aoueous vanonr jriven off bv flif* InwA* hiyer#. Little 
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openings or craters Ure foilned all over th^ surface, and the steam passes 
off freely, mingled with fiije dust. From ti^'ie to time the plaster is 
stifi^ecf, and care is Hken to avoid an excess of heat. When no tother 
covolutij-m of moistm% takes plfeJce, which can be tested by holding over 
the surface a cold plate of glass or metal, to condense the steam, the heat 
is withdrawn, and the plaster is rGady for use. When prepared in this 
way the combination with the water used for gauging takes place w'Sth 
great rapidity, and sound and hard casts are produced. 

Plaster Baked in Special Ovens. — Much of the plaster used in this 
country is baked in ovens, constructed on the principle of the baker’s 
oven. In this case the stone is broken into lumps about the size of a 
small hen’s egg, and is introduced into a well-heated oven, the tempera- 
ture being but little greater than that used in baking bread. It may be 
tested by inserting the hand, which should be able to bear the heat for 
two or three seconds. The oven is then closed up, and sj>ecimens are 
from time to time withdrawn, to ascertain if the dehydration is complete, 
the baking may last from twelve to twenty hours. The man in charge of 
the operation is able to judge, by the colour and appearance of the lump^ 
removed, if the water is expelled. Properly burnt stone exhibits on the 
white earthy fractured surface only a few bright specks here and there 
of crystalline particles, not completely deprived of the water of hydration. 
When the stone has been cooj^ it is ready for grinding. 

The Grinding of Plaster for Use. — The grinding of plaster is a 
very simple matter, and almost any contrivance for this purpose will give 
good results. In some cases edge-runners or rollers are used, but the 
best meal is produced by mill-stones, such as are employed for grinding 
flour. Evenness and regularity of grain are most essential in the case of 
the best quality of plaster used for casting purposes. Such plaster has a 
soft, smooth feel to the touch, and sticks slightly to the fingers. It has, 
in fact, rather a tendency to cake together when compressed, while 
plaster which has not been sufficiently dehydrated has a dry and slightly 
gritty feeling. Overburnt plaster shows little tendency to absorb water, 
and cracks when made up with water. The ground plaster should be 
kept as far as possible from contact with the air, and not merely be 
j)laced in sacks, as is too often the case. The powder has a strong 
tendency to absorb moisture, after which it becomes slow-setting, and 
yields a less solid casting. In France heaps of plaster are sometimes 
kept in good condition for a long period (even for a^year) by slightly 
wetting the outside of the mass with a watering can. By this means 
a preservative crust is formed which suffices tq protect the interior 
of the heap. ’ 

The Gauging of^ Plaster, — The gauging of plaster, as‘the mixing of 
the saraft with water is termed, always gives rise to an elevation of 
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temperature, due to the hydnltion of tEe calcium siflphate, and this is a 
similar reaction to*that wHich takes place w]|jen lime is slaked. We have 
seen that, in accordance with the temperature at whiali it has beenluijBod, 
ti e, gypsum is more or less fully deprivc^l of its wajer of hydrat^Oii, an^ 
that its recombination with water tak.‘s place with c-o much energy as to 
cause a considerable rise in the temj^erature of the^raass. I^iere is, at 
thS same time, an increase in bulk, which may amount as much as 1 
per cent, in 24 hours after gauging. The volume of water e^u ployed has 
some influence upon the rapidity of the set, and ^pon the ultimate hard- 
ness of the plaster, but even with a very considerable excess of water 
the plaster has still the power of setting, which we know js not the case 
with quicklime. It is an axiom in plaster mixing that the plaster 
should be gradually introduced into the water used for gauging, and 
not the reverse as is sometimes the practice. While the mixture is 
being made the whole mass must be kept well stirred, by which means 
the formation of lumps and air-bubbles is avoided. The commonly 
received opinion respecting the setting of plaster is that the process 
is not only one of hydration, but that simultaneously a crystallisation 
of the mass takes place. The pa.. tides of the powder are converted 
into a porous network of crystals, which enclose in their interstices 
a certain proportion of the water containing sulphate of lime in solution. 
This water is held mechanically, and speedily evaporates, causing the 
dissolved sulphate to crystallise out, and thus adds to the hardness of 
the already-formed mass. 

M. Landrin’s Investigations into the Set of Plaster. — M. Landrin, 
who has investigated the behaviour of plaster with water microscopically, 
confirms this opinion, and assigns three distinct phases to the operation 
of setting. First, the plaster assumes on the contact with water a 
crystalline structure ; second, the surrounding water dissolves a portion 
of the sulphate of lime ; and third, a part of the liquid evaporates, 
owing to the rise in temperature caused by this chemical action, a crystal 
is formed g,nd determines the crystallisation of the entire mass, in conse- 
quence of a phenomenon analogous to that which is observable when a 
crystal o^sodium sulphate, containing 10 molecules of water, is thrown 
into a saturated solution of that salt. 

M. IiO Chatelier’s Researches. — It appears that in 1883 M. Le 
Ch^elier, in a communication upon this subject to the Academic des 
Sciences, pointed out that a direct transformation, according to the theory 
hitherto accepted, f)f tlie solid anhydrous sulphate of lime into the solid 
crystalline hydrate(J sulphate, would constitute an exception to the 
general^law ^of crystallis&^on, and, moreover, the mere fact of crystallisa- 
tion would At necessarily ei^^ail the aggregation of the mass. Thus, for 
instance, calcium sulphate, precipitated b^ means of alcohol f^om a con- 
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centrated solution, presents a maximum amount of entanglement of the 
crystals* but the precipitate- when dried sho^Ss no tendency to cohere 
togd^her into a solid fnass. 

Theory as^ the Process of Setting. — In order, therefore, to 
account for the setting of piaster and ot other analogous substances, M. 
Le Cliatelier has been com})elled to^^ formulate a new theory, based upon 
the phenomena t)f supersaturation investigated by Marignac. 

Observations by M. Marignac. — This observer has shown that the 
hydrated calcium sulphate with half an equivalent of water, which remains 
undecomposed at a temperature of about 310 ° F., dissolves freely when 
shaken up with water, but that after a short interval the solution 
becomes turbid. This is due to the formation of a crystalline precipitate 
of the common hydrate with two equivalents of water, which has the 
formula of gypsum. The solution formed in the iirst case is five times 
as concentrated as that made from the less completely hydrated sulphate. 
It would appear from this that the most important agent in the accom- 
plishment of the setting process is the relatively soluble hydrate— namely, 
that with a small percentage of water. This hydrate is at once dissolved, 
and then gives rise to the formation of the other hydrate, with the full 
equivalent of water. This latter com})ound decreases the solubility of the 
mixture, and the water ])ecomes supersaturated witli the CaS042H20 
hydrate, which crystallises ou<« This process continues so long as there 
remains any of the soluble hydrate [2(CaS04)H,0] to fortify the solution. 

The set of plaster is thus the result of two distinct series of opera- 
tions, which take place simultaneously ; first the particles of calcium sul- 
phate in the act of hydration are dissolved in the water used to gauge 
them and produce a supersaturated solution ; the solution thus formed 
deposits crystals of the hydrated sulphate. These crystals gradually 
increase in size, and form a compact mass, m the same way as do all 
similar crystals deposited slowly from a saline solution, and this process 
is continued as long as any of the more anhydrous sulphate remains 
available to become dissolved and to keep the solution supersaturated. 

Connection between this Process and the Induration of 
Cements. — This theory has, we belieVe, a somewhat important bearing 
on the set of calcium silicates, and the transference of the soluble lime to 
the crystalline silicates may take place in a somewhat similar way. 
It is on this account that we have reproduced j at some length, , the 
valuable remarks of M. Buquesnay in the Encyclop^ie Chimique 
treating of this subject. 

Substances used to Improve Plaster. — It has long been known that 
a variety of substances are capable of imparting to the somev hat soft and 
friable composition of, the set plaster a grctitly increased hardness and 
consequerfj durability. Gay-I^ussac has pointed out that the hardest 
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cr’ide gypsnm yields, after calcination and reductK7n to a powder, the 
hardest casts. Thfs same property, so tar ariinoruar was concern^, was*, 
as w^liave seen, erroneously ascribed if* dense and l|ird limestones. AV^e 
leuwi from Tissot that if burnt gypsuik, af. er it /has becomoySftc, b^ 
repeatedly steeped in water and 'allowed to dry between each goaking, it 
will greatly improve the crystallisati<fn of the niass^and will/result in 
a much harder casting. If six parts of plaster are intimately mixed 
with one part of freshly-slaked lime and used f^r casting n^irposes, and 
the object when made is steeped in a concentratet^ solution of magnesium 
sulphate, it becomes so hard, when dry, that it can scarcely be scratched 
with the finger nail. Various silicates in solution, as water-glass,” 
may also be used to harden plaster of Paris. 

Alum used with Plaster. — The most common method, however, of 
hardening plaster depends upon the employment with it of alum, under 
a ])lan proposed, in the first instance, by Pauware, and improved upon 
subse<iuently by Greenwood. Alum may be used in two ways, either 
the finished casting may be steeped in a strong solution of alum, and 
then be slowly dried in a current of warm air — a process which needs at 
least a month in the bath — or the lumps of plaster when withdrawn 
from the kiln may be treated with a solution of alum, and then again 
raised to a red heat in a suitable kiln or oven. The heat in this second 
burning must be much greater than that needed for the dehydration of 
the gypsum. It is very necessary also that the heat during this second 
firing should be steady and uniform. The lumps when properly burnt 
have a dull milk-white or even a pale yellowish tint, but if the calcination 
is carried too far the lumps become as hard as stone, and are very 
difficult to reduce to powder. A composition of gypsum and alum, 
burnt at the requisite temperature, is readily ground, and when pul- 
verised and gauged with water sets as rapidly as common plaster, but 
the resulting cement is not remarkably hard, unless the water employed 
consists of a solution of alum, containing from to by weight of 
alum. Th# casts obtained by this process continue to give off moisture 
or to “ sweat” for a longer period than those made with ordinary plaster, 
but they acquire in time a degree* of hardness comparable with that of 
alabaster or even marble, and they are capable of receiving a high polish. 
The surface has a creamy tint, and objects cast in this alum plaster, 
bein^ much less soluble, will bear exposure to the weather, and will 
even resist the prolonged action of boiling water. It has been observed 
that these casting^ ai^ to some extent semi-transparent, and transmit 
a certain amount of light through the thinner portions. 

Th^ Theory of the Action of Alum. — Various reasons have been 
alleged for tnis action of al\#m on plaster. Payjn supposed that the 
induration was qwing to the formation of ^ double sulphate of 4ime and 
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potash, the crystals 'jf whith were embedd^ d in a precipitate of alumina, 
hjut thi'T surmise has been ^ controverted by ij-he investigations of M. 
Lai^riii, who found by the analysis of numerous specimens of plaster 
treated vitli alum, iLtli of Freulch and English manufacture, that these 
substances were almost absolutely pure and free from alumina and 
potash. The results he olitained 'are seen in the accompanying table. 
Nos. 1 and 4 ar,e French samples, and Nos. 2 and 3 are of English ma'Le. 


Sulphate of 

Carhouate 
ot Lime. 

1 

1 Silica. 

1 

Water. 

Total. 

96‘75 

1 -05 

1 

i 0-72 

1-48 

100 

98-19 

0-41 

' 

1-40 1 

100 

98-02 

0-57 

1 0-42 

1-19 

100 

98-05 

0-30 

1 0-51 

i 

108 

100 


New Theory by M. Landrin.— Seeing that these samples were all so 
free from water, it may be assumed that they were in each case burned 
at a high temperature, and the absence of potash and alumina led M.. 
Landrin to propound an entirely different hypothesis. He came to the 
conclusion that the action of the alum was caused by its contents in 
sulphuric acid, rather than by the bases present therein, and that this 
acid led to the conversion of the carbonate of lime into a sulphate of 
lime. In order to ascertain the accuracy of this surmise, he made use, 
in the first place, of a number of soluble sulphates, such as the sulphates 
of soda, potash, and ammonia, and caused them to act upon common 
plaster. He took cai'e to employ only the precise amount of each of 
these substances which would furnish the suj)ply of sulphuric acid needed 
to act upon the carbonate of lime, and he obtained precisely the same 
results as with alum. Parallel experimentSj with sulphuric acid alone, 
gave, as ho anticipated, corresponding results, and ho was thus enabled 
to indicate a new process for the preparation of alum-plasters. All that 
is needed to impart the same degree of hardness as that due to the use 
of alum is to steep the raw plaster stone for about a quarter of an hour 
in a 10 per cent, solution of sulphurio acid and then to fire it^at a dull 
red heat. By this means he obtained an excellent plaster cement, which 
left nothing to be desired in point of hardness, and which was sufficiently 
slow-setting. Moreover, the efiect of the dilute *acid was to destroy all 
traces of organic matter (always found in the raw gy'psum, and wtiich , 
tend to give it a greyish colour), and to bleach it j^ioat perfectly, so that 
the resulting cement was exceptionally white and pure, 

, Importance of Expelling the Acid. — It must be remembered j m 
connection with this jprocess, that it is absolutely essentidi that all the 
uncombiivcd acid should bo expelled, as even slight traces of sulphjaric* 
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acid would render the plas^r rnrre^r lesA hygitoscopic and liable to 
attract water. Uhe burjiing should, bn this account, be carried# out at a 
teinperature of from 1,080° to 1,260° Fahrenheit. As the effect ftf adding 
the alum is, as we have thi s seen, ngerely to aTjgment tlie s^bjpunt^of 
calcium sulphate present in tl]^ plaste , we can on]y attribut8^ the slow- 
ness of the set to the influence of ihe higfl temperature at which it is 
Ifurned, and there is thus a complete uniformity of ac|1on fJetween the 
alum or sulphate plaster and that prepared in the ordinary way. 

Keene’s Cement. — Several other plaster cements have T>ecome widely 
known in this country, and they are for the most part prepared in a 
similar way to that we have described in the case pf M, Landrin’s 
process, only using a different solution. Ivecne’s cement is made by 
steeping the calcined stone in a strong solution of borax and cream of 
tartar. Tlie liquor is composed of 1 part of borax and 1 part of cream 
of tartar, dissolved in about 18 parts of water. In this solution the 
plaster in the lump, as withdrawn from the oven, is allowed to remain 
until it is thoroughly impregnated with the salts. It is then taken out, 
dried, and reburned at a temperature of dull redness for about six or 
eight hours. When cool it is ground to a fine powder, and it is ready 
for use. It is found that borax alone gives equally good results, and the 
more concentrated the solution into which the plaster is introduced 
the slower is the ultimate set. Thus, if to 1 part of a saturated solution 
of borax we add 12 parts of water, and employ this liquid as the bath, 
the set will take place in about fifteen minutes; but if only 8 parts of 
water be used, the cement will take at least an hour to set; and if 4 
volumes of water be used, the cement will only become set after the 
expiration of several liours. The manufacture of Keating’s cement is 
similar in all respects to the process employed by Keene. 

Martin’s Cement. — In the preparation of Martin’s cement the solu- 
tion employed is one of carbonate of potash, the stages of the manufacture 
being similar to those already described. For Parian cement, the bath 
employed may contain borax, but we understand that it is also prepared 
by calcining an intimate mixture of powdered gypsum and dry borax, 
which mixture is subsequently aground to a fine powder, which con- 
stitutes ^lie finished cement. 

Respecting the chemistry involved in the production of these cements, 
Knapp remarks that their action is probably due to the fact that one 
eqifivalent of water contained in the gypsum is capable of being replaced 
by a saline comjiouud^ and that possibly these substances have the power 
of completely taking the place of a portion of the water, and thus giving 
rise to the greater degree of hardness attained by the compound. A 
solution of Vrtrate of potash and soda (Seignette salt) causes plaster to 
set instantaneously. The indurated mass has the*appeat*ance oj ordinary 
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gypsum, but it poss^.isea tLe property, whf .1 it is repulverised, of again 
becoming hard when moistened with a solut'on of a salt of potash. 
Knai^'p’s"* theory, it may be remarked, does not agree with that of M. 
L^ndrin. Many of hese react.ons are very interesting, and merit 
further study, which might lead to important industrial results. 

Staff.— It seems ^necessary, see’ng the vast extent to which this 
material is now employed for the purposes of decoration, and even fd’ 
the construction of buildings of a temporary character, to say something 
of staff, which is a species of fibrous jdaster, or plaster of Paris toughened 
and bound together with tow. In England this substance is genei*ally 
known as fibrous plaster, as this was the name given to it by its inventor, 
Desachy, a Erencli modeller, who took out a patent for it in 1850. It 
seems doubtful whether this was really a new invention at that time, 
but it has come to be very widely used for ornann'ntal purposes, and at 
the Paris Exhibition of 1878 many of the most imposing structures 
relied U 2 )on this material for their decorative treatment, and the fibrous 
plaster was still more largely employed in 1900. The ordinary staff is 
made of plaster and Manila fibre, and the mixture is generally used upon 
a backing of coarse canvas, of very open texture, called “scrim.” Any 
cheap fibre may be used, and for fireproof ]>urposes the plaster may be 
incorporated with asbestos. For some purposes it is mixed with slag- 
wool or coke breeze. The mouj^s in most cases are made of gelatine on 
a plaster core. It is claimed that alum water applied to the mould at 
the time of casting hardens its surface, and causes tlie j)laster to set 
more quickly ; this would be in accordance with what lias been pre- 
viously stated with respect to alum solutions. 



SPfCinCATIONo POE PORTLAND ‘pC'MEJST. 


975 


CHAPTER XX. 

SPECIFICATIONS FOR PORTLAND CEMENT. 

CoiSTENTS. — Diflorences prevalent in Specifications — Fine (>rindirig — Weight Test — 
Board of Works S])ecification — Mr, (Irant’s Proposed Specification — Mr. 
Michele’s Sjiecificatioii — Specifications for Manchester, Salford, Blackpool, 
and 'J’odrnorden. 

Differences Prevalent in Specifications. — There are few subjects con- 
cerning which English engineers are more at variance than cement 
specifications. In tlie course of a discussion upon this question at the 
Institution of Civil Engineers in 1880, Mr. AVilliam Gostling, the well- 
known manufacturer, gave the following examples of diversities of 
opinion of various engineers, as shown in the three cardinal tests of 
fineness, weight, and tensile strength. As will he seen, he analysed for 
this purpose 21 specifications: — 

]. Fineness, 

In 3 Bpecifi cations, no mention of fineness, 
fi ,, finely ground, 

1 >» very finely ground. 

2 ,, extremefy finely ground. 

2 ,, residue not to exceed 10 per cent, with sieve of 1,600 meshes per 

square inch. 

1 ,, residue not to exceed 20 per cent, with sieve of 2,500 meshes per 

square inch. 

1 ,, residue not to exceed 15 per cent, with sieve of 2,500 meshes per 

square inch. 

1 ,, residue not to exceed 10 per cent, with sieve of 2,500 meshes per 

S((uare inch. 

1 ,, 90 per cent, to pass through a sieve having apertures of not more 

than.^Q inch in diameter. 

,, no residue on passing through a sieve of 50 meshes to lineal inch. 

1 ,, SQ^ierfCont. to jiass through sieve 5,800 meshes per square inch. 

1 ,, 85 „ ,, 5,800 „ „ 

1 ,, fineness fcotbe satisfactory to inspector; unsatisfactory if tests 

• made from screened cement are stronger than those made from 

— unscreened. 

21 specifications, ^with 13 varieties of test. 
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Differences as respects- Fine G-rindin^. — It was scarcely necessary, 
he said, to point out the inconvenience of requiyug fin* grinding merely 
in general terms. Such specifications betrayed an inadequate estimate 
of the ‘va-lue of fine g finding, an.l opened a wide field for disputes. Of 
the other specifications, two indicated the use of sieves of 40 wires per 
lineal inch and three required sie^^es of 50 wires. In using these the 
percentages varied, and only one specification demanded complete sifting. 
An important specification, lately issued, assumed either that there was 
no a])preci:ible difierencb‘' between screened and unscreened cement, if 
finely ground, or tlnat, if there was a difference, unscreened cement was 
the stronger, ass-umptions which were opcm to question. Then there was, 
as we see, an attempt to introduce the use of sieves of 5,800 meshes to 
the sejuare inch, hitherto unused by the trade in England. All recent 
investigations in Germany and England demonstrate the importance of 
fine grinding, and surely it is time that this fact should be recognised, 
and that a uniform system, reconciling practice and theory, should be 
established and applied in drawing specifications. ^ 

2. Wficfht per husheL 

In 1 specification not less than 100 lbs. per striked imperial bushel. 

1 M „ 110 „ 

8 » M 112 „ 

1 M „ 

4 M 11«> M M II 

1 M II llfi )| I, ,, 

1 ,, about 118 ,, ,, ,, 

1 ,, not loss than 108 ,, nor more Ilian lie lbs. per imp. bushel. 

1 i> >» 112 I, ,, 118 ,, ,, 

2 ,, without any reference to weight. 


' 21 specifications, containing 10 varieties of tests. 

Variations in the Weight Test.— Sixteen of these specifications 
placed no limit to excess of weight per bushel, merely guarding against 
undue lightness. One specification demanded a s])ecified weight, and 
two specifications only adopted the more rational method of confiniiTg 
the weight within definite limits. There was no guiding principl6 
apparent. The fact that the weight should bear a definite relation to the 
strength and fineness was not recognised, and weight of itself appeared 
to be deemed an indication of quality. The new specification^ of one 
important public body discarded the test of weight entirely, rightly 
deciding that fineness of grinding and strength were the true t^sts. 
Assuredly if this test was to be retained, soire kind of scale by which 
the relation between the weight and strength might b< determined 
should be adopted. 



277 


SPECIFICATIONS FOR PORTT^AND •pKMEI^T. 


^ ^ ft 

3. Tcnnfe hreaki%g strain ^ ^f^even days after gauging. 
n 1 specification not less than 200 lbs. per s({. ur 450 lbs. per in^ section 


•1 

n 

„ 250 „ 


2 

9) 

„ -67 „ 

,, 60i ,, ' 

5 

1 J 


„ 67? „ 

1 


„ 311 „ 

,, * 700 ,, ,, 

1 


„ 333 ,, 

T.W* „ ' 

2 

5 J 

„ 350 „ 

if ^ , ,, 

2 


, , 350 , , 

„ soo „ 

1 

) > 

„ 378 ,, 

•^SoO’,, 

2 

J > 

„ 400 „ 

„ 960 „ 

1 


444 „ 

„ 1,000 „ ^ „ 

1 


cement gauged with three 

times its weight of sand, to stand a 


strain of 140 lbs. per square incli twenty-eight days after 
making briquettes. 


1 ,, cement gauged with 3 parts sand, to bear 150 lbs. per square inch 

twenty-eight days after gauging, if the cement sots neat in less 
than two hours, and 170 lbs. per S(j[uare inch if taking more 
than two hours to set. 

21 specifications, embracing 13 varieties of tests. 

Actual Points of Difference in the Twenty-one Specifications. — 
Thus in these 21 specifications there were 37 variations in the tests, and 
as a great number of specifications would doubtless add to these varia- 
tions, and admit of the three tests being combined differently, it becomes 
difficult to estimate the number of varieties in actual use. 

Everyone who has had to do with Portland cement testing thinks 
himself able to devise a series of tests, and in the absence of any 
standard specification we obtain all these wearisome and vexatious 
differences of opinion. 

Board of Works Specification. — One of the latest specifications of 
the former Metroi)olitan Board of Works read as follows : — 

“ The whole of the cement for these works, and herein referred to, is to be 
Portland cement of the best ({ualit}’’, ground so fine tliat the residue on a sieve of 
5,800 meshes to the square inch (equal to about 76 per lineal inch) shall not exceed 
15 per cent.* by weight. When testqjl, should the proiJortion which will not X)a8S 
through the sieve bo greater, a quantity of neat cement, equal to such excess, shall 
be added (at the contractor’s expense), to the specified proportions of all cement, 
mortar, or concrete used upon the works. When brought upon tlie works it is 
immediately to be put jnto a dry slicd or store, which the contractor shall provide 
fo? the purpose, Having a wooden floor and ail necessary subdivisions. The cement 
is to be emptied oul,upqn the floor, every 10 tons being kept separate, and it is not 
to be used until it has boon tested by samples taken from different sacks. The 
cement is to be gauged three times its weight of dry sand, which lias been 

passecU thro^h a sieve of 400 and been retained upon one of 900 meshes to the 

^ j ^ 

* London County Council specification, 10 per cent. 
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square inch. The comeni and saod having been mixed diy, about 10 per cent, 
of their -weight of water is to be added, --md briquettes formed Jii moulds of 1 inch 
sectional area at the weakest poii^.. The briquettes, having in the meantime been 
kept m a damp atmo.sphere, arc to be pat into water twenty-four hours after they 
ha-v^n bccii niade, and reiiu n in tvater until their tensile strength is tested by means 
of apparatus belonging to the Board aiul by tVeir otlicers. These briquettes must 
bear, Avithout breaking, a weighT of ‘2.30-ilb,s.* per square inch, twenty-eight days 
after the brir|\iettt\, havb been made ; and the cement neat must not, at any seast i 
of the year, set in less than one hour. Any eomont which does not answer the 
requirements will be reiech.l, and must be forthwith removed from the works. 
Briquett es of neat cement sWill also be made and br‘okon after seven days, as may 
bo directed by the engineer. Their limit of resistanee and the weight of the cement 
shall also give results t«) his ajiproval. The cement store to be provided -with a 
Chubb’s patent lock and key, to be obtained and fixed by the Board.” 

The specification issued by the London County Council is, with a 
few trifling exceptions, to some of wliich we have tlrawn attention by 
footnotes, almost identical with the above. Tliey state, however, that — 

“Besides these mechanical tests, the cement will be tested as to its chemical 
character and as to the specific gravity, which i.s not to be less than 3 TO.” 

There is also a note in the folloAving terms : — 

“To secure due progress the contractor shall, immediately after the contract is 
signed, pioeure and deliver on to the site ol the works a slock of cement .sufficient 
for carrying on the works for at least five weeks, and at all tunes, until their 
approaching completion, shal^ kcc]) stored on the -w^irks a quan1.il y eipial to five 
weeks’ consumption.” 

We, no doubt, owe all of these specifications to Mr. Grant, and it 
is, therefore, advisable, while we are on this branch of the subject, to 
reproduce the skeleton form of specification which he appended to his 
paper at the Institution of Civil Etigineers in 1880. 

Mr. Grant’s Form of Specification for Portland Cement. 

Cemknt-Mortar A141) Concrete. 

“ Portland Camtnl . — The whole of the cement for these works, and herein 
referred to, is to be Portland cement of the best quality,! ground so fiuo that the 
residue on a sieve of t meshes to the square inch shall not be moie than ^ § 
per cent, by weight. Should the residue be greater, a quantity of eemont pro- 
portionate to such excess must be added. When brought upon the works it is to 


* L. C. C. specification, 250 lbs. per square inch is applied at the rate of *200 lbs. 
per minute. 

tHere, if desired, the words may be inserted “weighing net loss than 112 lbs. 
to the bushel.” 

X Either 6,400 meshes to the square inch =s 80 to the lijieal inch, or 5,806 per square 
inch = 76 ’2 to the lineal inch, wdiich corresponds with 900 per square ej-ntimetre. 

§The residue may bo either 20 per cent, as in tl 3 German rules, or 10 per cent, 
as in their prictico. . 
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be put into a dry shed or store '|^hieh the ^*-ntraelJi»r is lr#provide for the purpose, 
having a wooden fiopr and ajl necessary si^nlivisions. The cement is to J)c emptied 
ouu upon the floor, every ( * ] busliels being kept separate, and i^ is rioUto b^^ used 
until it has been tested by samples taken ffom d)i’<Tent sa,*ks. 

• “ Tentimj. -The cement is to be gauged ^fith three tii^s its weiglit fS flry s,jnd, 
which has passed through a sieve erf 400, and lieen i-etained upon one o^ 900 meshes 
to the sejuare inch. The cement and sanuihaving l?een well mixed d^*}^ about 10 per 
(ftnt. of their weight of water is to be added, and briqueftes iffrmecf in moulds of 
1 incli sectional area at the weakest part. The brupiettes having in the meantime 
been kept in a damp atmosphere are to be imt into »*atcy twent;f-four hours after 
they have been made, arnl remain in water until then*, tensile strength is tested by 
means of apparatus belonging to the Board, and by their oflieers. All cement that, 
wlnni neat, sets in less than two hours, must bear without breal^ing, when subjected 
to this test, a wxnght of * lbs., and if it take from two to five hour's to set neat, it 
must bear a breaking weight of [170] lbs. per square inch twent^^-eight days after the 
briquettes have been made. If not, it w ill be rejected, and must be forthwith re- 
moved from tlie works. f 

“ Ccwcji/ i/mr/wr. — The cement hereinbefore described, excepting as herein other- 
wise specified, shall for mortar bo mixed in the proportion of 1 bushel or 1 12 Ibs.i' of 
cement to [two| bushels of sand. 

“ Ct ment Conerde. — The whole of the concrete to be used throughout the works 
is to be formed of Imperial buslnds or cvvts. of 112 lbs, of J^u‘tland cement to 

1 cubic yard of ballast. The materials to be turned over three times in a dry state ; 
the water then to be added, and the mass turned over three or four times more and 
thoroughly intermixed. ” 

Specification proposed by Mr. V. de Michele. — Mr. V. de Michtde, 
ail engineer of great experience, and a manufacturer of cement, has 
proposed the following very concise tests, which lie considers would be 
sufficient if embodied in a specification to “ensure Portland cement of 
the highest quality at market rates ” : — 

Pats ^-inch thick in water, absolutely sound at 7 <lays. 

Tensile strength, 400 lbs. per square inch at 7 days. 

Fineness, 10 per cent, reshluc on a 50 sieve. 

Note . — The pats to be gauged on glass, immersed in water immediately, and left 
there', for the whole period. One pat to each three bricks. 

The bricks to be gauged by a skilled man, with any quantity of water, in 
any way he likes. The average of three to be taken, which shall represent about 
100 tons or less. The strain to be appfieel as epiickly as possible. 

The sieve to have 2,500 holes per square inch, and to be of wire T^^tli of an inch 
in diameter. Shaking to be cont inued until nothing ground in the mill passes. 

*Here insert eithcryl42 lbs. = the Oerman minimum of 10 kilogrammes 
sqifare centimetre, or a higher number, espe dally if the cement, neat, takes more 
than two hours to ^ 

flf a test for neat cement is inserted, the following words may be added here — 
“tested neat, the ceiflent^ i^ust bear a tensile strain of at least 400 lbs. pei* square 
inch, aiter s^ven days, six of them in water ; and 550 or COO lbs. per square inch 
after twenty* ight days, tweritj^^even of them in water.” 

t The contractor may either raeasuro or weigh the cement. 
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There is no doub: that from the mami.'’actnrer’s point of view such 
tests would he deemed sufficient, out we consi;ler the test of fineness 
alto^)]ither too lenient, while the in,'mersion of the pat in water directly 
it is mtvlt' is only pracrdcahle in t^e case of quick-setting cements. 

Some^ English Specifications for ‘^Portland Cement. — As indi- 
cating the wide difference *})f opin'on that still exists on this subject 
we append a few recent specifications for the supply of cement. 

City of laanchester— Rivers Department. 

Sparijic (Jrarity. — Not less than 3*05. 

FiveneASi . — All jhall pass through a .sieve of 1, COO meshes per square inch, not 
leaving more than 5 per cent, residue on a sieve of 2,500 meshes per square inch, or 
more than 10 per cent, on a sieve of 5,625 meshes per square inch. 

Tt'imle Tents. — Test blocks or briquettes shall be made with 20 per cent, of 
water, and the mixture sluill be jdaced in a mould, without ramming, and kept for 
twenty-four hours in a moist atmosplicrc at not less than 40'' F., and afterwards 
placed in water at a temperature of not less than 40° F. 

These briijuettes shall bear a stress before breaking of not less than 350 lbs. per 
square inch after seven days, and not less than 450 lbs. jier s(|uare inch after fourteen 
days. 

The moulds shall Vic filled with a steel-pointed trowel 3^ inches long, and no 
other instrument shall be used for filling them. Any ramming of the cement into 
the moulds by hand or any other instrument sliall not be jjcrmiltcd. 

Fet. — The cement shall, 'yfticu mixed in pats with 20 per cent, of clean water, 
take not less than two lioura nor more than eight houis to set hard. 

Similar ])at3 of neat cement, subjected immediately they are made 
to a moist heat of 90° to 100° F., and as soon as set placed m w^ator at a temperature 
of 100° to 110° F. shall not show any signs of blowing after forty-eight hours’ 
immersion, 

Chemical Analysis.— K sample of the cement shall not contain more than 1 J per 
cent, of magnesia, 1| per cent, of sulphuric acid, and 2 per cent, of insoluble residue. 
The loss on ignition shall not exceed 2 per cent, 

The lime shall not be less than 58 per cent, nor more than 62 per cent., and the 
iron oxide and alumina together not more than 12 per cent. 

Adhesion.— Tlio cement, when made into a pat of 3 inches diameter and ^ inch 
thick, shall, after the expiration of seven days, adhere firmly to the natulal surface 
of a Welsh slate, the slate having been soaked in water prior to the applicatioq of 
the cement, and having been kept moist durirfg the interval. 

Expansion and Htatiiaj.—Tha cement shall not be considered ready for use if, 
when made into a paste and put into a test tube, it shrinks away from the sides in 
setting, or if the test tube be cracked in so <loing, or if the rise in temperature be 
greater than 6° F. during one hour after mixing. 

City of Manchester— Tramway Department. 

Weight per Bushel. — Not less than 110 lbs. nor ’more *than 117 lbs. to the 
Imperial striked bushel when filled by a Faijas machine. u 
, Fineness. — Not more U’an 5 per cent, residue ‘b'n a sieve of, 5,625 meshes per 

square igch.< ,, 
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Tensile Strength. — Briquettes? %tado uith^,t least#! S per ient. and not more than 
27 per cent, by weiglvi of frc|h water shall* bear a tensile strtxin of not iess than 
420 ll^s. per square incli after being exposed to tie air for six hours in«a In^iid 
atmosphere at a temperature of 00° F., and subse<ineiitly in.mei’sed in wat^ for six 
daj^. The moulds shtdl be filled with a steel-pointed tro’*^*! ‘,^1 inches loi^*and »o 
other instrument shall be used in filliifg them. ^ 

Soundness . — Pats of neat cement subjccilid immediately tliey arf mat^ to a moist 
hetft of 90° to 100° F., and as soon as set placed in water of a tem^j^erature of 100° to 
110° F., shall not show signs of blowdng after fortj'^-eiglit hours’ immersion. 


County Borough, of Salford — Tramwaj|p Committee. 

Finciiess . — Samples of cement shall be sifted through a No. 180 mesh sieve — 
i.e.y 32,400 holes per scjuarc inch — and shall not leave a residue o4 more than 9 per 
cent. 

• 

TeMsile. Strength . — Samples of pure cement will be gauged with water, and placed 
in the brass moulds used by the Corporation. Within ^wenty-four hours the casts 
thus made will be immersed in still w'atcr, in which they will remain for seven days 
from date of moulding, wdieri they wrill be taken out of the water and tested to 
ascertain their tensile strength, wdiieh must not be less than 1,120 lbs. on a sectional 
area of 2^ square inches — /.e., 1^ inches by H inches sipiare. 

Time, of Setting.— In order to ascertain the time of setting, a modification of 
Vicat’s needle will be used, having an area of 1,400th jiart of a squan; inch, and a 
total weight of 2^ lbs. 

Slow'-setting cement must take an impression from this needle when standing 
vertically upon it at any time within three hours after moulding. Quick-setting 
cement must take the impression only during the first half-hour. 


Corporation of Blackpool — Sea Wall and Promenade Extension. 

Tensile T(sts . — An average of not less than three test briquettes from every 
10 tons of cement shall stand not less than 350 lbs. jier square inch (Arnold’s test) 
after being tw’ciity-four hours in moist air and afterwards six days in water, and 
no briquette shall stand less than 3tK) lbs. per scjuarc incli. 

Hot-water Test . — An average of not less than tbree test bri(juettos for every 
10 tons of cement, made of one cement to three of sand, after being twenty-four 
hours in air and six days in w'atcr at 170° F., shall give no indications of unsoundness 
or cracking. 

Ninety-five per cent, of the cement shall pass through a sieve 
containing il,800 holes per square inch, and there shall be not less than 42 per 
cent, of impalpable ilour as tested by the flouromcter. 

Setting .^ — Pats made of neat eemenip to set in not less than tw^enty minutes or 
more than one hour. 

Soundness . — Cement mixed with water to the consistency of treacle when put 
into a bottle shall not fracture the bottle and shall not become loose. 

j^hesion . — A p^t of cement 3 inches in diameter and i inch thick shall, after 
seven days, adhere firmly to the natural surface of a Welsh slate. 

• • 

Todmorden Corporation Water Works. 

Fineness , — The cement siiSll be proved to have been uniformly and sufficiently 
ground By sie^ng samples thereof through a sieve, the gauze of which shall weigh 
about 3*36 ozs. per square foot, Sfid Imve meshes of 50 Iwass wyes per lineal inch 
through which at {past 95 per cent, of such cement shall pass freely. 
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Tenaih — J^trcngtlvi hriqiieilos of 1 ^[uare inch minimum section shall 

be made in suitable moulds without .103' abrupt angles, atjd should any mould 
become eularged or otherwise di. orted, sncli mould snail be fortliMuth rejected, and 
a proper mould substituted therefor. ^ Six of such briquettes shall be moidded at 
the saif.c^tim(‘ from a ni'^-vture made Ut discretion from each 10 tons or thereabouts, 
and after being moulded shall be kept in a df.'nq) atmosphere for about twenty-four 
hours, and shall then for about nvc da3't bo kept in water. About seven da3’^s after 
moulding tile ultimate tensile strength of each inch briquette shall be ascertai led 
by loading continuously and at a uniform rate of about 3 lbs. per second, ar 1 at 
least one out < the six bi‘ .aettes shall sustain without fracture a weight of 400 lbs. 
for not le.ss than one minut‘d. 

Souvdncft.^ or Condkion. — 10 ozs. of cement shall be rapidl3' mixed around the 
naked bulb of a sensitive thermometer with 3 ozs. of water in a wdiite glazed jar 
(about 4 inojies doej) and 3^^ inches internal diameter, w'ith the inside bottom 
approximately hemispherical), the cement, the water, the vessels and any other 
apiiai'atus used having been previously brought to the same tcm])erature as that of 
the air of the room in wdiich the te.st is conducted, and the jar and its contents shall 
be protected from draughts during the te.st, and the rise of temiicrature of the 
(‘(unent within fifteen inmutes of the mixing shall not exceed 2“ F. nor wnthin sixty 
minutes 4° F. ^ 

This, we believe, is Mr. (1. F. Deacon's specification. 

Wc hesitate, with all these difFerencos of opinion, to give our own 
views as to a model s})ecification. We can only hope that unanimity 
may ero long be established, and that the adoption of a uniform system 
of test.ing may lead to use of a standard form of specification. Quite 
receiitly the Cement Section of the American Society for Testing 
Materials has issued a report on standard specifications for cement. 
This report we give in Appendix D. 



APPENDIX K 


283 


Appendix B.— The Effects oj Sea Water on Cement. 

Wc may summarise Mr. C{l:e3'’s remarks on the of |ea »v'ale.* as feilows,— 

He put? the ease thus, “ The quantity of ii3ag»l%.si im ji sea water, present as^ehloride 
and ^sulphate, amounts to O'OO per cent, weijlit. In a poious iiia.ss oi e^n(^'ete,^i 
precij)itation of tlie salts of magne.sia itakea place, sonc' of the lime of ^he cement 
being at the same time dissolved. On thegme sidofit is hel l that th.g-e salts of 
magipcsia, filling the jiores and interstices of the <‘or)cretc, s^bsery^ ntl^' undergo a 
change of \olvime, producing disintegration. On the other hand, it is asserted that 
these preeiijitates are absolutely inert, and do not in anv .HDyiufieet tfte strength of 
the concrete.” 'J'hc vj(‘ws of Dr. Michaelis respecting tf. ■ injuries likely to arise 
from the presence of magnesium salts (from (juitc another as[)eet), ai'C (juoled and it 
is admitted that he regards tlui rejection r)f cement containing over 5 per cent, of 
magnesia as advisable, owing to the acids with which this bod}" is eojiibiiicd. Dr. 
Miehaeli-s has, however, rejmrled that Portland cements in which “magnesium was 
present to tlic extend- of 20 per cent, were under his obsci ration for ten years and 
shoM"od no signs of flaw.” S])oeial tests made to determine the action of magnesia 
led Dr. Micliaelis to regard this sub, stance as a spejeies of adulterant, wlien it took 
the place of a corresponding percentage of lime. He states that it is not actively 
useful in cements, but that it does not lead to changes of volume greater tlian those 
which occur in normal cement with up to .*1 ^ler cent, of this material, even when 
present to tlic extent of IS or 20 j)er cent. Mr. Messent’s views are (juoted, and ho 
asserts that the failnrc.s at Aberdeen were neither due to the use of cement of defec- 
tive (jualit}", nor to the pnictiee of rogauging and breaking up partially set roneiete 
which hod not been resorted to upon this part of the works. lie attrihut(‘s tlio 
^ injuries to the porous nature, of the coating of the blocks, and ho brings forward the 
theory of tlie deposition of magnesia from sea M’ater, its consequent expansion and 
hence the disruption ot the work. 

Mr. Carey conducted a series of experiments to test the action of seawater on 
cement, and for this purpose he made 120 briquettes, some with ni'at cement and 
some witli 1 part of oemont to 2, 3, and 4 parts of sand. An equal number of testa 
was made of each series, and the M'holo of them were placed in a wooden cage and 
secured at the level of low water of ordinaiy spring tides at tlie pierdiead at New- 
haven Harbour forty-eight hours after gauging. Tliej'^ were thus exposed not only to 
a constantly var^dng pressure duo to the tidal movement, hut also to the action of 
the waves at low water. The}" were tall carefully weighed and submerged for periods 
which "faried as follows : — Fourteen da^’s, twent^'-eight days, three months, and six 
months. Th»y were then surface dried b}" exposure in the air and weighed afresh. 
The results are summarised in the following table and arc somewhat contradictory, 
for, as will b^ seen, there is a slight gain flf about 5 per cent, in fourteen days, w hile 
at twenty-eight days and at three months there would seem to be a reduction in 
weight which is made good, liowever, at the end of twelve months : — 


Table show'ing Increased Weight of Cement Briquettes. 


Proportions. 

^ 14 Bays. 

28 Days. 

3 Months. 

C Months. 


, Per cent. 

Per <‘ent. 

Per cent. 

per cent. 

Neat 


2-65) 


12 -W 

itoi, .. . 

4-.''i3 

1 2 •28 

()-3S 

0-57 

1 to 2, . • . . < 

6'OG 

2 '25 


9-29 

1 to 3, . 

C-Kv g 

! 2 '2.^ ' 

2T>1 

10-2 

1 to 4, ... 



4-97 • 

1 ‘’’42 

1 “ ^ : 


12-77 

• 




284 


CALCAREOUS CEMENTS. 


In spite of tJiese flvctiiatioj s in the weight, the strength of the briquettes steadily 
increa8e(d with age, though most of the three montlis’ tests show a small falling off ; 
tiiys equal parts of cement am^ sand gave on an avci.tge 255 lbs. per s<iuaro inch at 
fourteen days, 291 at twenty-eight days, 299 at three months, and 348 lbs. at six 
rponth's. With two parts of sand tHo briquettes broke at 123, 196, 185, and 242 lbs. 
respectively. Another series of tests was inst'tuLcd ])y Mr. Carey to show the effect 
upon the strength of the cemerio of usiryj sea water alone, and diluted with distilled 
water, or ci^neeiitrateu by partial evaporation. 

'I’hc following table gives the result, the mean of six tests in each case, using 20 
per cent, of \v%ter and i. f. cement : — 


Test BRiyuETTE.s, 1" x 1", made hi- with Salt Water. 


WivLev. 


1 

iiiontli. 

niontiis. 

8 

luoliths. 

0 

months. 

1 

' 0 
' months. 

12 

months. 

Fi’chI) \vat«'r, 



525 

T.'iO 

IKIO 

r ■ 

949 

678 

1 distillcfl wiitor, 

1 Bca watt'r, . 
i distilled water, 

^ .sea water, . 

) 

»' 

r,:i7 

r.42 

OIXI 

(150 

90.5 

592 

. » 

• 1 

1 f.42 

.wu 

020 

750 

, 950 

575 

Sea water, 2.') per 
evaporated, . 

cent. ) 

. i 


f)G:{ 

.500 

580 

890 

005 

Sea water, .^iO per 
evaporated, . 

cent, t 

• J 

' r.4i 

540 

S(M) 

8.50 

i 970 

495 


Mr. Carey states that the cement was not chetked or cracked in any way, but in 
the case ol both series of experiments was sound and well burnt. It was so ground 
as to leave a resiilue of about 10 j^yr cent, on the 50 \ 50 mesh sieve. The njost^ 
noticeable feature in the above table is the remavkablo effect of u.sing strong brine, 
as evinced by tlie exeellenee of the tests at 3, 6, and 9 months, and the singular fall- 
ing ofi' in tensile strength of all the samples at the end of the 12 months, pointing, 
w’c slioidd think, to some defect in the constitution of the cement. It would have 
been interesting to know how the cement behaved after the lapse of two or more years. 

As Mr. Carey remarks, “ the real point at issue is whether the salts of magnesia, 
wliich are admittedly flepositcd from the sea in porous concrete structures, are or are 
not inert.” Arguing from the fact that magnesian limestone when used in largo 
cities, where the rain brings dow'ii suljjhate of ammonia, is chemically acted upon, 
and decomposed into magnesium sulphate, which latter is deposited in the form of 
crystals, and causes disintegration, he advises that in situations where ammojia may 
be brought into contact with concrete, it is desirable to use fresli water for gauging, 
and to discard cements containing a high percentage of magnesia. On the other 
hand, concrete made of sound and w^ell byrnt cement, varying from ^ to part by 
volume and gauged with sea water, has lieeii used *'T many existing structures in 
tlie sea, w'hich have exhibited no signs of deterioration throughout a long term of 
years. There is, ho thinks, “no conclusive evidence to prove that the precipitates 
from sea water induce disintegration of even fissured or porous concrete ” when sound 
cement has been employed. ^ 

In the Aberdeen concrete it is clear that free causti''. line was present and was 
washed out of the concrete, while magnesia, in the form of magnesium hydrate, was 
precipitated, leading to the elimination of lime as ca^ num chloride and sulphate, but 
we learn nothing more from these facts than that lime iy an unstable and soluble 
body,. and that it shouli^ not form any consideral b proi>ortion of a uurable concret^ . 
The expedience o^ Aberdeen has proved infact this much and no more; — That, “an 
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excess of caustic lime or caustic nii^^nesia on usiiSJ (1 ) (iisintegn^tion Rj the expansion 
due to hydration, and, that (2), being solublejthese substances, when conditions are 
favourable, may be washed out, leaving the conorebi^in a iion^y-cornbed stal^..’’ ^ * 
Mr. Smith devotes liis attention entirely fo 1'ic v U'k.s at Abei’dt-en, and after a 
brief account of the concrete construction of ifte do< Ivs, he- points out LM^t*inime 
diately after completion considerable |leakag4 was note *‘d coi-iing tliroiiglf the con- 
crete walk, and that soon after the entrance ^valls be^an to swell, some o^ the large 
blocks showing signs of bulging. As the damage apjieared fo hoMno to elicmical 
action in the Portland cement, Prof. Prazier, of Aberdeen UniNcrsfty, ' as consult<‘d 
on the subject, and in a report dated June, 1887, he coT^fin^ed this»oi)inion. He 
states that : — ^ 

“ Ihe analyses of the series of decomposed cenu^nts show a remarkable dilfcrence 
to th<! original cement, inasmuch as in all these samples tluu'c is found a large quan- 
tity of magnesia, and a large proi»ortion of the lime in the form of ^-arbonate. 1 
believe this alteration is brought about entirely by the action of sea water upon the 
cement. Tlu'rc' is no other sourccj for either the magnesia iv the carbonic acid.” 

The following tabh' shows the composition of the original cemiait, and of samples 
of the decomposed cements : — 




tt 

tt'-' 


— 
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('0NST1TTTF,M’.S. 

2 

a? 2^' 


2> 2^’ 

E o -p o 

2 Q 
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p ^ 
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Tc 

2 s-^ 

O p "3 

ai - 

Decom 
Cemei 
Wall, 
back c 
Skin. 

"p « 

IPI 

2 s 5 -E 

K p .S a 

? flj 

Almniim and oxide of iron, 


20-76 

28-42 

1-05 

1 -53 

2i'(;() 

Sihcii 

20 02 

18-04 

19*55 

1-33 1 

1-31 

17 -Hi 

Carlxnmte of liinc, 

S-18 

o-oi 

15-78 

45 72 1 

35 12 

.-{3 '08 

Hjdriite of lime, . 

11-2(5 

30-54 

1(5-91 

27-85 j 

17-17 

Hydrate of iiiii«iiesia, . 


13-.57 

15-08 

21-03 1 

39-9(5 

9 -’94 

Siilplni no acid, . 

0-82 

2-08 

4-23 

1 32 1 

(t 90 

4 8!) 

Maunesia, .... 
Soluble in water, . 

0 32 

1-50 


1 

1-71 1 

3 71 

12 (58* 

('austi(5 lime, 

45-39 







loo-oo 

100‘fK) 

10()-0(( 

KiO-Ol 

ino-oo 

100-00 


We may obst;rve with respect to these analyses that both in the case of the original 
cement and the deteriorated concrete there are many matters which we are (]uite 
unable to reconcile ; the lime is, however, present in the cement in what we must 
deem to be St dangerous excess. 

In addition to these analyses. Prof. Brazier carried out a scries of e.xperiments with 
specimens (rf the cement digested in varTous solutions. The cement for these tests 
was obtained by breaking down a briquette, sifting out and rejecting the fine powder, 
and reserving for trial pieces about the size of a large-grained shot. In each case, 
200 grains of cement tied up in small muslin bags were su])endcd in 20o/.s. (1 imperial 
pint)<Df the varioua fluids— 1. Distilled w'ater. 2. Solution of magnosiuin chloride 
containing 31 grains, CMpii valent to 13*05 grains of magnesia, the average proportion 
of this salt found in sea water. 3. Solution of magnesium chloride of double the 
above strength, 62 grainu to the pint. 4. Solution of magnesium sulphate, contain- 
ing the s^me ej^iuivalent of nfagnesia as No. 2. 5. Solution of magnesium sulphate of « 


Carbonate of magnesia. 
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doiibJe the abu^e strqsigth, Sea water, spe^Jhc gravity 1'026, eontaining mag- 
nesiiim salts valent to JS%'>’7 grains. if magnesia per inipcrirl pint 7. Sea water, 
(*ta|)lica4‘ siicciuien, ajid a sohy^ion of diloride of sollmni— 250 grains per imperial 
pint. ' 

'I’lic cOnent samples^’cmainc<l in* obese various solutions for about three moiitha, 
and it was then found that No. 1, tlic distirterl water, was but little altered. In 
No. 2, nearly the whole of thcMiss(»lve^ magnesia had been removed, and the clear 
li(|uid contained '14'b2’^rains of lime per pint. No. .3 had also lost nearly the ^^■lole 
of its magnesia, its place being taken by 2()-04 grains of lime. Very much the same 
action went oh in tlie,ca? tof the magnesium sulphate solutions 4 and 5, except that 
the amount of magnesia i“Ci*noved from solution and replaced by lime was relatively 
smaller. In tlie sea water tests, again, the magnesia present had been to a great 
extent jn-ecipitat^^d ; No. 0 showing a loss of 14-16 grains, and No. 7, 14-72 grains. 
Hut little aqt^ion took place Avith the salt solution No. S. These experiments 
certainly ayiyiear to confirm the opinion expressed by I’rofessor Brazier tliat the 
magnesium salts in the sea Avater luwe a dangerous action upon the lime compounds 
of tlie cement in (|ue.stion, but it must be borne in mind that avc have no guarantee 
that the Hortland cement itsilf A\'as originally of good quality, and contained its 
lime in .stable combination Avith the silica. The analysis of the original cement 
(Avhich was unfortunately made from a stale sample) shows only that tlie pereentage 
of lime Avas very high (6.3*1 if the A\'atcr and carbonic acid are eliminated). I’he 
disappearance of the silica, iron, and alumina in the fourth and fifth specimens, given 
in our table on yi. 2H5, is exti-emely yiuzzling. 

Experiments made by Mr. rattinson, of Newcastle-uyjon-Tyne, agreed in all 
resyiects with the above, and lie suggested certain iavostigation.s, subsequently 
carried out by Mr. Hmith, to lest^thc yieimoability of cement eoncrett', as it was 
thought that the sea passing in arid out through the porous concrete at every tide 
Avould hasten the destructive action. These exyierimcnts led Mr. Smith to formulate 
the following theories, viz. I’hat in order to obtain an impermeable concrete (1) 
the cement must be. finely ground ; (2) it should not be weaker than 1 of cement to 
0 of sand and stones ; and (3) the ooncretc should have sufficient time to set (at least 
three montli.s) before the application of the pressure, due to a column of sea water. 

I’rofe.ssor Brazier, moreover, believed that the observed expansion of tlie concrete 
in question Avas due to the substitution of magnesium hydrate and calcium sulyihate, 
for the lime therein originally combined with carbonic acid. Mr. Smith states 
apparently on hi.s authority— “ There is no doubt that in permeable concrete the 
whole of the lime forms a base on which carbonic acid and the salts contained in 
the sea Avater act chemically, that the resulting deyiosit occupies a large* sjiace than 
the lime ba.se, and that the force of chemical action cxceeils the adhesive power 
of the cement, thus effecting the rupture of'^the mortar, and expansion <?f the mass 
of concrete.’’ 

It will be evident that a source of danger is herein indicated if we admit that 
the cement comyiounds, consisting of hydrated silicates of lime, and not to any great 
extent of free lime, or carbonate of lime, as assumed by Mr. ymith, are liable «to be 
attacked and damaged by the salts found in sea water. Numerous instances are, 
hoAvevor, on record Avhore cement concrete has withstood 'for a long series of years 
the influence of sea Avater, not only under a groat tidal rapge, but under the still 
niqre trying action of alternate periods of submersion ifi 'the sea, and exposure to the 
air. In many of the great dock and harl)our Avorks we have exampls*s of Portland 
^-cemeuti concrete, wfiich fo” upwards of forty year^^ ‘have resisted most perfectly the 
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attacks of sea water, and there can be but liMlc dout^t in the^iiiiids*ot all unbiased 
observers that in a wcll-niadn san^do of ^<t.-tl;«iid ti inent, \rhen once properly 
indurated as a hydi .tijo doiibJi; hilieate oi June and^alunnna^vve i^os.^c'is a jjiiatei^jr/ 
(j ite uMaeted upon 1)3^ sea water. The failintr of ‘crfuni .specimens of concrete can, 
W'c t^inlv, in every case be assigned oitner to niiiJtakes i i the inanuf^otiire, 4etfcts in 
tlie quality, or imperfections ni tlie mo<^e of usi ig the ccn'dit.^ 


Appendix C.— German Standard 

Stantjaros for the Uniform Delivery and Testino^iw Portland Cement. 

Exfihiiintion of Whaf is understood hi/ rordand Cemenf. — Portland cement is a 
material resulting from tin; calcination, carried to the point of in^'pient fusion, of 
an intimate admixture ot lime and argillaceous substances as its essential com- 
ponents ; such calcination being followed by the grinding of the product to the 
fineness of flour. 

I. Packaoes and AVEroiiT. 

Portland cement must, as a rule, be packed in standard -si zed casks w'cighing 
180 kilogrammes gross, and 170 kilogrammes nett (397 lbs. and 375 lbs.), and in half- 
sized standard casks of 90 kilogrammes gross, and 85 kilogrammes nett (199 and 188 
lbs.). The gross w^eight must be clearly marked on the casks. 

Tf the cement is wTintcd in other .sized casks or in .sacks the gross w’oight must bo 
plainly indicatiid in figures upon each package. 

Lcakag»*8, as also variations in individual packages, must not exceed 2 iier cent. 
The casks and sacks must boar, in addition to the weights, the name of the firm or 
the factory trade mark of the maker plainl}'- indicated on each. 

Facts in su/>port of 1. — Both in the intere.sts of the jmndiaser, and also to ensure 
sound business, the adoption of a uniform weight (for jxickagcs) is urgently reipiired. 
For this purpose, by far the most usual, and as respect s the commercial w'orld, the 
almost universal weight of 180 kilogrammes tare = about 400 Ib.s. English has been 
selected. 

II. Time needed to Set. 

In acGordaiiee with the purpose for which it is requircil Portland cement may be 
furnished to set citlier slowly or rapidl}-. 

SueJj cements are to be regarded as slow-setting, which take two hours and more 
to become set. 

Kxplanatifnis to II. — In oi-dcr to determine the period needed to set, in the case 
of slow setting cements, a .sample of the neat cement is stirred for three minutes 
with water into the form of a still paste, but for quick-setting cements the stirring 
is to be for one minute only. The mixture must then be spread on a glass plate 
at a single operation in the form of a pat about H centimetres (^ inch) thick, but 
thinning out at the edges. The consistency of the cement paste needed for this pat 
is to m such that when placed upon tlie plate, with a spatula, a few' taps upon the 
glass suffice to cause th^ miy^s to flow out to a thin edge ; for thi.s purpose from 27 to 
tSO per cent, of water will generally suffice. As soon as the pat has become hard 
enough to withstand a gentl^o^ pre.ssure with the finger-nail the cement is td be 
_ _ 

* This transiation waS made b^Uie Author of the First Edition of this work, in 
which edition it was first published in 1895. 
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regarded as hating become set. In order to ascertain precisely the setting time, 
and to determine the beginning of tho^set, whiAi (as the cement must be worked up 
before ^rie set begins) is a mattei* of importance in thf. case of quick-setting cements, 
a normal needle of 300 grammbs (lOA ozs.) weight is employed, wliicli has a Hat end 
with If, Vv^q)o^^icial area of 1 squar<i millimetre (0’015 square inch). This surface 
being at' right angles to the axis, a metal ying of 4 centimetres in height and 8 
centimetres in clear diametern(U inches and 3 inches) is idaced on a glass plate, 
filled with* cenitiiit p.vte, gauged as above, and placed beneath the needle. ^ The 
interval of time \vhieh elapses between the gauging and that when the needle is no 
longer able tq penet rale^ entire depth of the paste, is regarded as that needed for 
the beginning of the set, a^id the time which expires until the needle will no longer 
produce any iiolewoi t hy impression on the hardened surface is ilie time required for 
the set. As the sotting of cement, is inllnmieed by the air-temperature and by that 
of the water used for gauging ]nirposcs, in that the higher is the temperature the 
more rapid is the sol, and the lower the temperature the longer is the tinii' needed 
for setting, it is advisable, in order to obtain uniformity in the results, to conduct 
the observations at a mean temperature of air and water of from 15” to 18 ' Celsius 
(59" to ()4-4” R). 

During the set tln'ie should be no perce])tiblo evolution of heat in the case of 
slow-setting ceiiieiits, while, on the other hand, quick-setting cements may nianifost ^ 
a notable inei’case in temperature. 

Portland cement becomes by long storage slower in set, and increases in tensile 
strength, if it be kept in dry places, free from draughts, llie still widely prevailing 
opinion that Portland cement deteriorate.s in (paality by long keeping is, therefore, 
erroneous, and contract clauses which specify the employment only of fresh c< meut 
should be abandoned. 

I 

III. FhKKDOM IKOM CllANOE IN VOJ.rME. 

Portland cement must bo constant in volume. The decisive test of this quality 
shall bo that a pat of neat cement, placed on a glass plate and protected from too 
rapid drying, immersed in water at the end of twenty-four hours, and kept under 
constant observation for a longer period, shall manifest no tendency to crumble or to 
show signs of splitting at the edges. 

Explanations to III. — In carrying out this tesf/, the pat pi’epared to determine 
the time needed for setting shouhl, after the lapse of twenty-four hours in the ease 
of slow-setting cements, but in any case only after the pat has become set, bo placed 
in water. In the case of quick-setting cements, the pats may go into water in an 
oven shorter period of time. The pats of slow-setting cement mu.st, unbil they shall 
have become set, be protected from draughts and sunshine ; this may best be done 
by putting them into a covered box, or by*Y)lacing them beneath a damp cloth. By 
this means the formation of hair-cracks, due to ...ninkage in rapid drying, will be 
avoided ; such cracks generally appe.ar in the centre of the pat, ami are liable to be 
mistaken by unskilled observers for cracks caused by lilpwing. 

If during the process of induration under water any enimhling takes plu-ce, or 
if eracks become manifest, iJiis undoubtedly denotes the blowing of the cement; 
that is to say, that in eonseciuonce of its volumetric exp^sion the cement beoomes 
craeVed and a gradual disintegration of the first -formed co(l;iesion takes place, wht(di 
-may ultimately lead to the complete disruption of 'the mass. The indications of 
blowing generally become apparent in the pats after abou^ three ^^ays, but at all 
events observations cxtef.di^ig over iw’cnty-eight liays are sufficient. 
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IV, FlfENESS or ^EINDtNG. 

Po>tland cement's to be |o finely giountl that ilie losidj^e from a aaiinJe of life 
i^ame passed through a sieve of 900 meshes p%r square centimetre (5,S06 per aq. inch, 
or 16 per lin. inch) shall not exceed 10 per cciit. The diameter .of tho^jWe wire 
should bo equal to half the clear opcn^ig of the mesh. ^ * * 

Explg,nation^ to iV.— In the case of each siev(#tes,. 100 grammes fO'22 lb.) of 
cenipnt are to be used. 

As cement is in nearly every instance employed with sand, and*n so iie cases with 
large proportions of sand, while the cohesive strength of a f #nple of m#rtar is greater 
just in proportion as the cement is finely ground (bocausg under those circumstances 
more particles of the cement come into action), the fineness of the grinding is of the 
utmost importance. It appears, therefore, to be evident that tfee fineness of thtJ 
particles should be uniformly checked by the use of a fine sieve of the^bove number 
of meshes to the inch. It would, however, be misleading if the quality of a cement 
wore to be determined alone by the fineness of the grinding, for inferior tender- 
burned cements are much ofteiier found to be well ground than good hard-burnt 
cements. The latter will, however, even if coarsely ground, possess a greater 
cohesive strength than the former. If the cement is to be used mixed with lime, it 
will be expedient to employ hard-burnt cements extremely well ground, the relatively 
high cost of which will bo compensated for bj^ the manifest improvement of the 
mortar. 


V. Test to Ascertain the Strength of the Cement. 


The cohesive strength of Portland cement must be ascertained by testing a mix- 
ture of cement and sand. The testing should take j>lace upon a uniform system both 
in tension and compression, and should be carried out with test samples of the same 
shape and sectional area, and with similar apparatus. 

Together with these tests it is expedient also to ascertain the cohesive strength 
of the neat cement. 

The tensile tests are to be carried out with briquettes, having a sectional area at 
the point of fracture of 6 square centimetres (0-775 square inch) ; in the tests for 
compression cubes should be used, having sides 50 square centimetres in area (7-75 
square inches). 


Facts in support o/V. — As it is impossible uniformly to pronounce an opinion 
upon the cohesive strength of a sample of cement when employed with sand by means 
of experiments conducted with that cement without sand, particularly when it be- 
comes necessary to compare the cements of different makers, it is, therefore, impera- 
tive to test the cement along with sand. 

The testing of neat cement is to be advocated when it is required to prove the 
value of Portland cement <is compared with mixed cements and other hydraulic 
binding materials, because, on account of its high tensile strength when used neat, in 
which respect it surpasses all other similar materials, it shows to greater advantage 
testej^thua than when tested with sand. 

Although the x>roportional strength under conipression and under tension differs 
in the case of various^iinding agents, it is, nevertheless, customary to employ the 
tensile strength as indicative of the value of the different hydraulic cements. This, 
howevep, leads to an unfair v^uation of their properties. And further, whereas in 
all praotftial a[^ication| of mortar the resistance to compression is the first consider- ' 
ation, it is onfy these latter tests^which can be relied uppn to furnish really con- 
elusive results. ^ * - 



290 


CALCAREOUS CEMENTS. 


To secure tho'’neces^'\ry unif'>rmity in the tests it is advisable to make use of the 
same description of testing apparatus and tools as^’those employed in the Royal Test- 
ing ‘Station at Charlotteuburg, Bplin (see Fig. 57, p. 213). 

VI. Tests under , Tension and Compression. 

Slow-sCtting Portlaiifd cement shall, whey tested with 3 parts by weight of 
standard sand, after a period of twenty-eight days induration — one day in air and 
twenty-severt’ dayt in wilter — attain a minimum tensile strength of 16 kilogrammes^’^er 
square centimetre (227 lbs. per square inch). The strength under compression shall 
be at least 160 hilogram^m(?^i per square centimetre (2,275 lbs. per square inch). In the 
case of quick-setting comenls the tensile strength after twenty-eight days is gener- 
ally inferior to the above. It is, therefore, necessary, when stipulating the amount 
of tensile strength.- to indic^itc also the time needed for the set. 

Explanati<^nft . — As din’erent cements may vary very considerably as respects 
their power to unite sand, upon which property their industrial application mainly 
depends, it is imperatively necessary, in the comparison of several samples of 
cements, to test them with a large proportion of sand. It is assumed that the most 
suitable proportion for this purpose is .3 parts by weight of sand to 1 part of cement. 
Since it is with 3 parts of sand that the binding power of the cement comes 
adequately into play. 

Cement which exhibits a greater relative tensile strengtli as compared with the' 
crushing strain often manifests a superior capacity for uniting sand, and merits for 
this reason, as likewise for its greater strength with an equal amount of sand, to 
command an increased selling price. 

The standard tost under compression is that after twenty-eight days, since it is 
not possible wlion comparing several kinds of cements to properly ascertain the bind- 
ing capacity in a shorter period 4^ time. Thus, for instance, after twenty-eight days 
the tests of different samples of cements in compression niay bo alike, whereas, after 
seven days only, there were important difforonces. The tensile strength at twenty- 
eight days constitutes the decisive test on delivery of the cement. If, however, a 
check-test at seven days is needed, this may be secured by a preliminary test when 
the ratio of tensile strength after seven days to that at twenty-eight days in the case 
of any given sample of cement has been determined. This preliminary test may also 
bo carried out with neat cement, when the proportionate strength of the neat cement 
to that with 3 parts of cement at twenty-eight dayja has been ascertained. 

It is advisable in all cases, when there is a possibility of so doing, to extend the 
tensile tests over a longer period, by means of cement samples prepared beforehand 
for this purpose, in order to learn the behaviour of various cements during a longer 
period of induration. 

To attain uniformity in the results, it *'8 in all cases necessary to employ sand^ 
having grains of the same size and of the same quality. This normal sand^s prepared , 
as follows : — The purest possible quartz sand is >.«Hned, dried, and passed through a 
sieve of 387 meshes per square inch to eliminate the coarser particles, and then 
through one of 774 meshes per square inch to remove the' finer particles. The^hick- 
ness of the wires not to exceed 0*015 inch and 0*012 inch respectively. 

’ As all samples of quartz sand when treated in the samr way do not manifest the 
same cohesive strength, it is necessary to ascertain whether the specimen of normal 
sand ^employed gives uniform tensile tests with thoseubown in the case of the san^ 

*' supplied for testing purposes under the authority of the German C^nent ^Manufao- 
turers’ Association^ whic^ sand is also used at the Royal Testing Sfatiop at Char- 
lottenburgi. Berlin. 
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Description of the Tests employed to nsce^'tQ.i%^the IT ensile Cohesive Strength . — 

As it ^ important t <4 secure al solute unifor|iiity in the results ^in testing Jhe same 
oemen^n different places, it i# imperatively necessa^ to ^dh^ire most strictly to 
rules flhat are hero indicated. In order to oiltain collect averages at loast^ten test 
pieces must be prepared for each set or expcrimftits. 

PRErABATTON OF THE CeMENO^WITH SaND TeP^-PtECJES. 

Tensile Tests.— The tensile teat-pieces may lie prepared either by hand or by 
mechanical means. 

(a) By Hand Work. On the sheet of metal, or tl^ck glass, serving for the 
formation of the test-pieces, must be placed five pieces of blotting-paper saturated 
with water, and on those are laid the five moulds, also rinsed out \wth water. Then 
250 grammes (8*8 ozs.) of cement and 750 grammes {26*4 oza.) of drj^ normal sand 
are weighed out, and well mixed together in a basin. To this mixture must now be 
added 100 c.c. = 100 grammes (3*52 ozs.) of pure fresh water, and the whole mass is 
then briskly stirred for five minutes. The five moulds are then filled with the 
mortar thus prepared, which is jiressed into them, and well heaped up into a 
curved form above the top. Dy means of an iron spatula, having a surface of 
X Ig inches, 13 inches in length, and weighing 74 ozs. (Fig. 55, p. 217), the 
mortar is tapped softly near the edges to begin with, and then gradually harder, 
so as to drive it down into the mould, until the whole mass becomes elastic, and 
water appears on the surface. It is absolutely necessary to continue the process 
of the filling-in of the moulds until this stage is reached, which will need about 
one minute per mould. It will not do to introduce a second supply of mortar and to 
beat that down, because it is essential to keep the test-pieces made with the same 
kind of cement at different testing stations identical in point of density. The super- 
fluous cement is then struck ofl with a knife, and the surface is polished over with 
the same. Hien the mould is carefully removed, and the test-pieces are placed in 
a box, lined with zinc and provided with a cover, in order to avoid unequal desic- 
cation, caused by variations in the temperature. Twenty-four hours after they are 
made, the test-pieces must be placed in water, and care must be taken to keep 
them covered with water during the whole period of induration. 

(h) Preparation hy Mechanical Means.— After the mould, with the filling-box 
attached to it, has been securely fastened to the bottom plate by means of the two 
thumb-screws, 180 grammes of the mortar, prepared as in the foregoing instructions 
(u), ar^ introduced into the mould for each test, and the iron moulding core is placed 
in position. ^ Ihen, by means of Dr. Bbhme’s percussion apparatus, having a hammer 
weighing 4*4 lbs., 150 blows are imparted to the core. 

After the removal of the filling-box ai*d the core, the test-piece is struck off level 
and polish^ as before ; then taken off in the mould from the bottom plate, and 
dealt with as in the case of (a), above. 

By careful attention to the foregoing rules, hand-made test-pieces and those 
prepajjpd mechanically give fairly uniform results. In disputed cases, however, tests 
made by mechanical means must be regarded as decisive. 

Tests under Compr%8simi. — In order to secure uniformity in the results of testing 
by compression carried out at various testing stations, it is necessary to have 
recourse to mechanical prepartition of the tests. * 

Fourteen o^ces of jeement are weighed out and well mixed in a basin with 
42 ozs. of dry^normal sand. 10O»c.c. = 6-63 ozs. water |re th^ added, and the 
compound is briskly stirred into mortar for five miniltes. Then 30 ckb. of this 
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moi'tar are iiise]^ied into the <'ubical mould, having the filling-box attached, the 
whole being securely fastened by screws to tllb bottom plate. The iron core is 
pia'-ed in the mould j and is caused to receive 150 blow<) from Dr. Bohme’s pe: eussion 
apparatus with a hammer weighing 4*4 lbs. After the removal of the filling-box and 
the core, toe test- block is struck off ttnd polished, taken off the bottom plate in, the 
mould, and dealt with JL in the case of (a), above. 

Preparqfimi of Tent-Pieces b/‘ Neat The moulds are slightly oiled on 

the inner sufface,^ and jjilaced on the metal or glass plate (without any blotting-pa})er 
under them). Tfion 35*2 ozs. of cement are weighed out, and to this is added 
7 ozs. = 200 ere. of and the whole are well stirred for five minutes (this is 

best done with a jicstle), filled into the moulds, so as to bo well heaped uj) above the 
surfaee, and then dealt with as in (a). 1’he moulds can, however, only be removed 
when the cement 's suliiciently set. 

As, during the ramming in of the neat cement, the aim is to produce test-pieces 
of the same consistency, the added water must be proportionately increased in the 
case of very finely-ground or quick-setting cements. 

The amount of water employed must always be indicated when stating the figures 
representing the tensile strength. 

Method of Carrying Out the Tents . — All test-pieces must be tested immediately 
they are taken out of the water. As the time taken to apply the load has an 
influence upon the result, the weight should, in the case of tensile tests, be increased 
at the rate of 3 ’62 ozs. per second. The mean of ton tests is to be taken as- the 
ascertained tensile strength. In carrying out the compression tests, in order to 
obtain strictly comparative results, the pressure must always be exerted on two 
opposite sides of the cube, not on the base and smooth top. The mean of Ion tests 
shall be taken as the ascertaii^i strength under compression. 


Appendix D.— Report of a Committee of the American Society for 
Testing Materials on a Standard Specification for Cement. 

Standard Specifications for Cement. 

1. General Observations . — These remarks have been prepared with a view of 
pointing out the pertinent features of the various requirements and tlie precautions 
to be observed in the interpretation of the results of the tests. 

2. The committee would suggest that the acceptance or rejection undei;* these 
specifications be based on tests made by an experienced person having the proper 
means for making the tests. 

3. Specific Gravity . — Specific gravity is useful in detecting adulteration ^ or 
underburning. The results of tests of specific gravity arc not necessarily oop- 
clusive as an indication of the quality of a cement-, but when in combination with 
the results of other tests may afford valuable indications. 

4. Fineness . — The sieves should be kept thoroughly dry. 

6. Time of Setting . — Great care should be exercised to maintain the test pieces 
under as uniform conditions as possible. A sudden change or wide range of 
temperature in the room in which the tests are made, a very dry or humid 
atmosphere, and other irregularities vitally affect the rate of setting. , " . 

6. Tensile Strength . — Each consumer must fix the minimum iiiequirementS' for 
tensile strength to suit his own conditions. They shall, however,' be within the 
limits atal^d. 
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7. Constancy of Vohime. — The teats for c^staijpy of v^lura-^tare divided into 
two qlasses — the firs^ normal, tlie ^cond ac<!ohTated. The latter should be regarded 
as a j^cautioi^ary test only,ii,nd not infallible. So many cj^nditions cnty intone 
makiftg and interpreting of it that it should Jbe uaea with extreme care. 

,8. In making the pats the greatest careeahould be exercis^l to avftid initial 
strains due to molding or to too rajjid drying-out durir% the first t^enty-fdur 
hours, ^"he pats should be preserved under the n^ist uniform conditions possible, 
ami rapid changes of temperature should be avoided. # • ^ 

9. The failure to meet the requirements of the accelerateiP tes La need not be 
sufiScient cause for rejection. The cement may, however held f^r twenty-eight 
days, and a re-test made at the end of that period, failure to meet the require- 
ments at this time should be considered sufficient cause lor rejection, although in 
the present state of our knowledge it cannot be said that siich^failuro necessarily 
indicates unsoundiicss, nor can the cement be considered entirely satisfactory simply 
because it passes the tests. 

Standard Specifications for Cement. 

1. General Conditions. — All cement shall be inspected. 

2. Cement may be inspected cither at the place of manufacture or on the work. 

3. In order to allow ample time for inspecting and testing, the cement should be 
stored in a suitable water-tight building having the floor properly blocked or raised 
from the ground. 

4. The cement shall be stored in such a manner as to permit easy access for 
proper inspection and identification of each shipment. 

6. Every facility shall be provided by the contractor, and a period of at least 
twelve days allowed for the inspection and necessary tests, 

6. Cement shall be delivered in suitable packages with the brand and name of 
manufacturer plainly marked thereon. 

7. A bag of cement shall contain 94 lbs. of cement not. Each barrel of Portland 
cement shall contain four bags, and each barrel of natural cement shall contain 
three bags of the above net weight. 

8. Cement failing to meet the seven-day requirements may bo held awaiting 
the results of the twenty-eight-day tests before rejection. 

9. All tests shall be made in accordance with the methods proposed by the 
Committee on Uniform Tests of Cement of the American Society of Civil Engineers, 
presented to the Society, January 21, 1903, and amended January 20, 1904, with all 
subsequent amendments thereto. 

10. The acceptance or rejection shall be based on the following requirements : — 


Natural Cement. 

11. Definition . — This term shall be applied to the finely pulverised product 
resulting from the calcination of an argillaceous limestone at a temperature only 
sufi^ent to drive 0fF the carbonic acid gas. 

12. Specific Gravjfy. -^TYio specific gravity ot the cement thoroughly dried at 
100® C. shall be not less than 2*8. 

Fineness. —It sHall le|ive by weight a residue of not more than 10 per cent, 
on the No. IQg, and 30 per cent, on the No. 200 sieve. 

14. Time*of Settiiig.—ilt shg-l^ develop initial set in not less than ten minutes, 
and hard set in not less tlian thirty minutes, nor niore|/hl!b thret hours. 
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15. Tensile ^irength. — Th^ minimum requirements for tensile strength for 
briquettes 1 inch square in cross section shall Ce within the following limits, and 
sl^ll shdw no retrogression in strength within the perpds specified : — 


NkAT Cement. 

24 hours in moist air, 

7 da /s (I, day rn moist air, 6 days in water), 
28 „ (1 „ 27 „ ), 


strength. 

. 60-100 lbs. 

. 100-200 „ 

. 200-300 ,, 


J' ,1 

One Part ^ement. Three Parts Standard Sand. 


7 days (1 day in. air, 6 days in water), . . . 25-75 lbs. 

28 „ (P* „ 27 ,. ), . . . 75-150 ,, 


16. Constancy of Volume . — Pats of neat cement about .3 inches in diameter, 
i inch thick at centre, tapering to a thin edge, shall be kept in moist air for a period 
of twenty-four hour.s. 

(a) A pat is then kept in air at normal temperature. 

{h) Another is kept in water maintained as near 70“ F. as practicable. 

17. These pats arc observed at intervals for at least twenty-eight days, and, to 
satisfactorily pass the tests, should remain firm and hard and show no signs of 
distortion, checking, cracking, or disintegrating. 


Port^ttid Cement. 

18. Definition. — This term is applied to the finely-pulverised product resulting 
from the calcination to incipient fusion of an intimate mixture of properly-pro- 
portioned argillaceous and calcareous materials, and to which no addition greater 
than 3 per cent, has been made subsequent to calcination. 

19. Specific Gravity. — The specific gravity of the cement, thoroughly dried at 
100® C., shall be not less than 3 10. 

2^. Fineness . — It shall leave by weight a residue of not more than 8 per cent, on 
the No. 100, and not more than 25 per cent, on the No. 200 sieve. 

21. 'Time of Setting. — It shall develop initial sot in not less than thirty minutes, 
but must develop hard set in not less than one hour, nor more than ten liours. 

22. Tensile Strength. — The minimum requirements for tensile strengtli for 
briquettes 1 inch square in section shall be within the following limits, and shall 
show no retrogression in strength within the periods specified : — 

Neat Cement. 

Age. Strength. 

24 hours in moist air, ^ 150-200 lbs 

7 days (I day in moist air, 0 days in water), . . 450-650 ,, 

28 „ (I „ 27 „ ), ... . 550-650 „ 

One Part Cement, Three ParI-^Sand. 

7 days (1 day in moist air, 6 days in water), • ^ . 150-200 lbs 

M (1 ^ 27 . 200-300 „ 
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23. Cm^tancy of Volunve . — Pats of noat cernont about 3 in%he8 in diameter, 
^ inc^^ thick at the centre, and tapiring to a thP edigo, shalf^bo kept in moist air for 
a perii^ of twenty four hour^ 

(a) A pat is then kept in air at normfll tempeiMti. ro and observed a^; intervals 
for at least twenty-eight days. ^ 

{b) Another pat is kept in w%.ter maintained as near /u r . as* praci>icaoie, 
• and observed at intervals for least twenty-eight days. 

(c) A third pat is exposed in any convenient way in an alyfospnere <^f steam, 
above boiling water, in a loosely-closed vessel for five hoars. 

24. These pats, to satisfactorily pass the requirements, shall remain firm and 
hard and show no signs of distortion, cliecking, cracking, o' disintegration. 

25. Stdphuric Acid aiul Magnesia . — The cement shall not yontain more than 
1*75 per cent, of anhydrous sulphuric acid (SO3), nor more than 4 per cent, of 
magnesia (MgO). 


Appendix E.— The Cost of Cement Manufacture. 

It may not be wholly amiss in a work of this character if we devote a few 
remarks to the cost of the manufacture of cement, a subject of great importance 
at the present time, and one which has necessarily attracted a vast amount of 
attention. There can be no two opinions that many of the older works are so 
heavily weighted with capital, representing obsolete appliances, imperfect processes 
of manufacture, and money thrown away upon past failures, that these “dead 
expenses” severely handicap them in competing with modern works, constructed 
upon the most economical lines, and provided with all the requisite plant for the 
inexpensive handling of the raw materials. The cost of the raw materials may in 
itself constitute a more or less serious item in the balance sheet, and there can be no 
doubt that cement makers able to control their own supply of clay and chalk or 
limestone in the immediate vicinity of their works have a great advantage over those 
who have to bring their materials from a distance, or to obtain them at second hand. 
In certain parts of this country remote from the chalk formation, as, for instance, 
in the Tyne Districts, where fuel is relatively cheap, cement factories have been 
established, which depend for their supply upon chalk brought back as ballast in 
colliers. But these works find themselves severely handicapped in the competition 
with factories established on the Thames and Medway, close to the quarries. It 
may be taften for granted that most of the older works, which, as we have seen, 
cluster round the chalk districts south-east of London, where both Medway clay and 
chalk are»abundant, can command unfimited supplies of raw materials at a price 
ranging from 28. to 2s. 6d. per ton of finished cement. Even in those works where 
the chalk has to bo bought, it can usually be laid down on the works at from Is. 2d. 
to Is. 6d. per ton ; the clay costing in a similar way from 2s. 2d. to 2s. 8d. per ton. 
In fife lias cemenb districts in the Midland Counties the cost of raw materials is 
relatively high, owing to the increased cost of quarrying the thin beds of stone 
under great depths of sffale and clay. We know of one cement works successfully 
conducted in the Midiands, whore the cost of the raw materials from tjie lias 
formatiQn delivered on the Site is set down at 4s. 6d. per ton. Even in the district^ 
where the h#?d liinesfone takes the place of chalk, the stone can be quarried and 
laid down on the works for from* Is. 3d. to Is. 9d. peiijto*. Thi price of fuel (coke 
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or coal) is also anvinipor|ant consideration to the cement maker, as this item amounts 
to about one-quartor of the total cost of manufac ture, and cheap coko may ou Weigh 
thMidisadjfantages diie^Jo relatively costly works or expensive raw material*. The 
carriage of Portland cement on the rril is another serious item, as most of the 
companies ire in the habit of charg*ng very high rates for cements, as compa-ed 
witii coal or stone. It -aay be taken as a general rule that no large works can be 
advantageously carried on, wlikh have not direct communication with thp rail by 
means of sid.ngs, or wh'cli do not possess cheap water communication. The export 
trade in Portland is very extensive, but this business is almost entirely in the hands 
of makers on the Tham * and Medway, or in the sea-port towns. The following 
estimates will give some idejj. of the items of expenditure under various heads in the 
manufacture of Portland cement. 

The following -analysis of the cost of cement making on the Medway was 
published in the Portland Cement Journal, in 1892. It purports to give the exact 
figures “taken from actual accounts for the years 1890 and 1891.” There is no 
provision made for interest on capital, which is stated to have been over £40,000 for 
buildings and plant, and represents rather a large, but by no means an unusual 
expenditure for this output. The property is freehold, and the sum of £500 charged 
for depreciation only relates to the depreciation on fixetl machinery and pUnt. No 
sum appears to be set down for agency or travelling, bad debts, and incidental 
losses, and it is stated with respect to cost of chalk, clay, coal, and coke, that the 
figures given do not include labour thereon after reaching the wharf, such labour 
being included in the wages item ; — 



1890. 

Cost per 
ton of 
finished 
cement. 

1891. 

Cost per 
ton of 
finished 
cement. 

Quantity of cemeut made in tons, . 

Chalk and freight, 

Clay and freight, 

Coal and freight, 

Coke and freight, 

Wages • 

Bates and Taxes • • 

Bepairs, materials, and wages (on repairs), . 
Stores, oil,* grease, firebricks, iron, steel, &c., 

not charged to repairs 

Trade charges, postage, stationery, &c., . 
Insurance, . . • • „ • • 

Depreciation, amount written off fixed ma- 
chinery and plant, 

Manager, ^ • 

Books kept in London, salaries, stationery, 
&c., proportion charged 

21,336 

£ 

2,326 

693 

4,035 

5,037 

6,467 

170 

1,197 

1,183 

86 

86 

600 

260 

196 

Shillings. 

2-180 

•656 

4-626 

4-722 

6063 

•159 

1-123 

1-063 

•081 

•081 

-468 
' -234 

•183 

20,176 

£ 

2,671 

691 

6,080 

6,662 

6,408 

170 

1,761 

1,161 

93 

79 

600 

260 

•218 

Shillings. 

2-649 

'686 

6-928 

6-613 

6-363 

•168 

1-726 

1-141 

•092 

•078 

t 

•496 

•248 

•216 

Add to wages, say, for cement In casks, 6,000 
tons at Is. 

£22,964 

•21,529 

£25,486 

26*198 

=:l-896 



22-926 

=r23/ 

—A 

26-689 
= 26/7 


From our experience of the cost of raw materials in th'^ London district, we re- 
gard the average cost of chalk and clay on the wharf for the two years amounting to 
2*985$^., or, as nearly as possible, 3s. per ton of finished cement, as rather too high, 
'«*nd the charge for fuel is certainly extravagant, amounting as.it does over 10s. 4d.' 
per ton of cement. It will be noticed that the prices of 1891 are more than 25 per 
cent, higher than ^'nose ot l^K). It is stated that the average selling price of th^ 
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cement at th© works was 2 Sb. 6d. per ton in 1892, agd it will ttius^ be seen that the 
manij^acture was being conducted ftt an acti.al 'f-ss, if prop^ jjrovision is made for 
the itci^iS to which we have cy^lled attention* In the fa^e of t^iC above figufes, it^n 
easilj^be understood that the Portland cemqpt tradt i‘« in a very bad state, and That 
m^piy of the large concerns are paying no divi{^n<l. • 

It will readily be understood that the publicatio i of %n es^inate this Mnd 
evoked considerable criticism, and sh^tly afttrwar<ie aiiother csliiuate "v^as published 
wl^jph emanated from a correspondent, who*stated that ne qpuld (jrect «vorks in the 
Medway district, on certain new lines, capable of producing 35,0S0 tons of cement a 
year, at a cost of 16s. 9<1. per ton. He proposed to erect tl'j^nianufac^u- y in question 
on freehold land, to be acquired on advantageous terms^ the expense of which land, 
together with the outlay on the erection of the necessary buildings, was not to ex- 
ceed £20,000. This sum does not appear to include the cost of ^tho machinery and 
plant. It will be seen that in this analysis, while tlie cost of the raw materials 
delivered on works is 2s. 8d. per ton of cement, that of the fuel atnounts only to 
6s. 6*3d., as compared with 3s. and 10s. 4d. respectively, the mean of the figure^ 
previously given in each case. The wages are about the same in each estimate. 


Coat of Manufacture of Sfi.noo tons of Cement 
on the Medway. 


Materials. 


Wages. 

62.600 tons of chalk alon^^side wash-mill, . 

17.600 tons of clay aloiiKside wharf and landing, 

70.000 tons into wash-mill, .... 

1,660 tons of Welsh coal delivered, 

18.000 tons of coke and faggots, .... 

Bepairs and renewals, 

Stores, oil, grease, timber, and other sundry 

goods 

Burning— including filling 1/6, drawing /6, 

Miller wet /2, dry 4/, 

Sundries — (labour) engineer 60/, man 30/, 
drivers 60/, stoker 26/, sampler 30/, watch- 
man and house 20/, tallow 26/, two odd men 
40/, bags 20/, one night driver 80/, stoker 26/, 
man 40/. I'otal £20 6/ per week for 52 weeks, 
Casks and sacks, filling, heading, and loading. 
Bates and taxes /2, trade charges and station- 
ery, /IJ, 

Insurance— Boiler, fire, and liability, 
Depreciation fund, fixed imlldings and plant, . 

Manager and clerk, 

Allow per contingencies, 

1/4 

1/10 

2o7 

12/4 

/8 

/6 

m 

A 

/4 

'k 

£8,062 10 0 
1,604 3 4 

1,650’ 0 0 
8,016 13 4 
1,166 13 4 

876 0 0 

610 8 4 
146 16 8 
583 6 8 

437 10 0 

% 

% 

M 

2*/ 

/6 

1/4 

■/c 

£29i’l3 4 
876 0 0 

27 10 0 
433 13 4 
583 6 8 

8,6o6’ 0 0 

876 0 0 

1,053 0 0 
2,333 13 4 

6o6’ 0 0 

876 0 0 

« Materials = 10/3-78 per ton. 


£18,062 1 8 


£11,347 16 8 

Wages = 6/6-81 




18,052 1 8 

1 • Total, . 16/9-79 




£29,399 18 4 


By w2y of comparison with those estimates, we insert an analysis of the cost of 
producing cement by the semi-dry process in a works in the lias district. The stone 
here is relatively costl 3 ', but fuel is cheaper than nearer London. In consequence of 
the heavy outlay incurred* upon the repair of the works, wliich were kept in a high 
8tat?of efficiency,* by constant renewals, this item appears excessive. It will be 
seen that the total c(^t ctf manufacture after the repayment of 5 per cent, on a rather 
heavy capital was under 26s.' per ton, or deducting interest 22s. 9d. per ton, and this 
is abojit the figure wef shojiyi set down for a well managed works in the Smith of 
England. "VSig understand, on the Continent, where fuel is dear and where th» 
cement is vdty well ^ound, th£^ in works in which a hard limestone is used the 
expense of making Portland cement can be kept well v^tl^n the^ figur^. 
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Cost pf Portland Cement Manufacture in the Midlands. 
Capital for land, buildings, and jplant, £21, (KX). 

Amount of cement made In tons, iX960. 


;c 


Per ton of 
cement. 

tr 

Raw material— limaatoneflshale, and royalty, .... 

Coal and coke, . 

Oil, grease, and small stores 

Wages, ... . ^.<e 

Management 

Agency, advertisomeuta, &c., - 

Repairs, materials, and wages on repairu, 

Office printing, stationery, 

Rates and taxes, 

Bad debts, ... 

Interest on capital at 5 per cent., ... ... 

Depreciation on machinery and plant, 

Insurance— buildings, boilers, and workmen 

£ 8. d. 
1,867 10 0 
2,622 0 0 

640 0 0 
3,690 0 0 

626 0 0 

282 0 0 
1,320 0 0 

190 0 0 

70 0 0 

27 10 0 
1,050 0 0 

225 0 0 
.56 0 0 

8. d. 

3 9 

5 3-2 

1 1 

7 2-5 

1 0-6 

0 6-8 

2 8 

0 4*6 

0 1-7 

0 0-6 

2 1-3 

0 63 

0 1-3 

Cost = nearly 26s. per ton of cement. 

£12,366 0 0 

24 10-8 


Appendix F.— Dorking Stone Lime. 

Writers on building materials and the authorities who are responsible for all our 
most carefully drawn specifications have, with a surprising degree of unanimity, 
concurred in calling the lime prepared from the lower chalk in the vicinity of 
Dorking a “stone lime.” We have sought for some explanation of this fallacy, 
and oSer the following suggestion : — Certain of the beds near Botchworth, and in 
the chalk hills eastward of Dojlfting, arc much indurated and discoloured with iron 
salts, and a bed just between the chalk and the gault, known as firestone, is very 
hard, and is locally used for building. This indurated chalk is rejected by the lime 
burners as, owing to the high percentage of silica and alumina present therein, it 
yields a poor and very sluggish lime, but the raw material has certainly some 
pretensions to bo called a stone. The lime prepared round Dorking is all burnt 
from chalk which contains from 5 to 10 per cent, of clay, and is of a pleasant buff 
tint. Even Bartholomew, WTiting in 1840, is careful to point out that the “stone 
lime ” of Dorking should be specified, and his precepts are still diligently followed 
at the present day by the conscientious architect who knows what he wants for 
the preparation of a good sample of mortar 
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Drying chair bers. Gibbon’s, 152.*' r 

,, nJohnpm’s, 149. 

,, Michele, 152. 

,, Spack;*ian’s, 155. 

Drying floors fdr sliirr 3 /',' 97. 

Dumesnil’s plaster kiln, 2G5.r 
Dust collecting contrivances, 192. 

,, ,, by settling chambers, 193. 

,, filters, 192. 

Dutrullo and Sr lonions’ edge-runner mill, 
186. 

Dyckerhoflf, Messrs., experiments on effect 
of gypsum added to Portland cement, 
49. 

Dynamic grinder, Neate’s, 187. 


E. 

Eakly cement tests, 204. 

,, writers, Opinions of, as to sand, 
197. 

Earth, Santorin, 6. 

Edge-runner mill of Dutrulle & Solomons, 
186. 

Elevators, 137. 

„ Belt, 1.38, 

,, Chain-belt, 138. 

Emery, rock-. Millstones built of, 182. 
Engineering tests of cement, 218. 
Erdmenger, Dr., on disin- 

tegration of Portland 
cement clinker, 146. 

,, ,, Hot- water test of, 228. 

Eustcm Station, Accident from use of 
Roman cement at, 37. 

Evans & Nicholson, Messrs,, cement 
works at Manchester, 33. 

Exhibition of 1851, Experiments on 
cement at, 40. 

Experiments on strength of mortar, 200. 
,, relative to sand in mortar, 

199. 


F. 

Factors for use in cement analysis, 72. 
Fahnehjelm lime kiln, 18. 

Faija^s calcimeter, 85. 

,, hot- water test, 2.30. 

Fallacies of present method of cement 
V testing, 218. 

Faraday, his opinion concerning Scott’s 
cement, 248. 


Fat limes, 4. . 

Fibroir; plaster, 274. ^ t 

Fillers for measuremtnt of cement,^ "-14. 
Fine grindif.g, its importance fjr slag 
cement, 239. ‘ 

Fineness of Portland cement, early, 179. 
Flourometer, Goreham’s, 224. 

Fluk es, Action of alkalies as, J3. 

Form of briquette as influencing strength 
of cement, 211. i- 

,, early briquette, 210. 

Formula for induration of cement by 
Professor Unwin, 219. 

Francis & Sons’ works at Nino Elms, 30. 
Freeman’s hydraulic grinder, 188. 

Fremy, M., his experiments on Portland 
cement, 141. 

,, ,, upon formation of 

silicates, 12. 

French burr millstones, Grinding by 
means of, 124. 

,, cements of the Roman typo, 24. 

„ quick-setting cements. Methods 

of grinding and sifting, 25. 
Frost’s artificial cement. Price of, 30. 

,, patents for cements in 1822-3, 29. 
,, works at Swanscombe, 30. 

,, works acquired by Mr. John 
Bazley White, 30. 

Fuel, Ash of, in lime, 16. 

,, consumption in rotary kilns, 178. 

,, for rotary kilns, 173. 


G. 

Gary on failure to pass accelerated tests, 
231. 

Gault clay, Arlesey, Analysis of, 73. 

,, ,, Sussex, Analysis of, 73. 

Gay-Lussac’s experiment upon effect of 
Lteam on calcination of limestone, 3. 
German standard tests (App. C), 287. 
Gillmore, General, tests of American 
natural cement, 26. % 

Giron, M. Pierre, experiments with rotary 
kilns, 169. 

Goreham’s flourometer, 224. 

., „ process for grinding slurry, 99. 
Grant, John, Experiments wittt various 
^ briquettes by, 212. 

,, his form of specification, 

,278. 

„ liw instructions for te®J;ipg 

cement, 213. 

,, hi^ te^s of cement, 20B. 

,, „ on cost of cement testing, 

20 ^. 

,, V reduction in breaking ar^a 
of briquette 213.^ 

Graphic diagram of tensile sti lengths, 221. 
Gravirae'oer, Mann’s, 88. 
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Greaves, Richard, his cement works at 
StHatford-on-Avon, 33. 

Grenv\ ’e cement, 24. • 

Griffin uwill, Description of, litl. 

Grinding mills for Portland cement, acting 
by percussion, 183. 

Grinding Pcfrtland cement — 

Continent practice, 183. 

Early itjefnods of, 179. 

BIge-runner mill of Dutrulle k Solo- 
mons, 186. 

Fineness, 190. 

Freeman’s hydraulic grinder, 188. 
Neate’s dynamic grinder, 187. 
Roller-mills for, 184. 

Special use of tube-mills for, 188. 
Grissoll & Peto, Early tests of Portland 
cement by, 35. 

Grissell’s iron- works. Experiments made 
at 38. 

Gypsum, Chemistry of, 262. 

Gyratory crusher, Hadfield’s, 122. 


H. 


Hydrauliidimeston , Ncv^port,Monmouth- 
^ shirdf Analysis of, 11. 

* 1) 

• ,, ,, Unoombined silica 

in, 11.* •• 


I. 

Improved pattern of bftqu. tte, 211. 
Impure limes, 2. ^ 

Induration, Critical perioci during, 223. 

,, o^ cement. Law of, 219. 

,, Period of, indefinite, 221. 

Influence of form on, test briquettes, 
212 . 

,, of sand on mortally 196. 
Intermediate limes, 2. 

,, ,, Danger of overburn- 

ing, 9. 

Iron and alumina, Determination of, 67. 

,, ,, Separation of, 58. 

,, Condition of, in Portland cement, 
51. 

,, Determination of, 58, 68. 


limestonesfCombinedcsilica 


Hadfield’s gyratory stonebreaker, 122. 
Halkin lime. Experiments with mortar 
made from, 254. 

,, mountain limestone, Analysis of, 
253. 

Harwich cement stone, Predicted exhaus- 
tion of, 36. 

,, septaria for cement, 23. 

Hauenschild kiln, The, 161. 

Heat, Influence of, on silicates, 7. 
Heintzel, Heat test of, 229. 

Higgins, Dr. B. , his patent stucco, 27. 

,, ,, his work on cements, 23. 

Hoffmann kiln. The, 164. 

,, ,, for burning lime, 18. 

Hotop kiln. The, 162. 

Hot- water test of Dr. Erdmenger, 228. 
Faija, 230. 

Maclay, 228. 

Dr. Michaelis, 227. 
Prussing, 229. 

,, ,, Tetmajor, 228. 

Hurry & Seaman, Messrs., their rotai^ 
kilns, id^. 

Hydration of silicates, Stable compounds 
formed by, 8. 

Hydraulic cements, Messrs. Newberry’s 
experiments on constitution 
of, 

grinder, Fjeerpan’s, 188. 
lime, Leicestershire, Analyses 
of, 

Physical oharacteristics 
• of, 11. 

liaiestone, f^eicestershire, An- 
alysis of, 11. * 


J. 

John, Dr., his essays in 1818, 28. 
Johnson, Mr. I. C. , anticipates Goreham’s 
process, 43^ 

, , , , his account of cement 

manufacture, 41. 

,, ,, his attempts to make 

Portland cement, 14. 
Jones, Mr. H. T. , experiments on action 
of magnesia in Portland cement, 52. 


K. 

Kbatks’ specific gravity bottle, 89. 
Keating's cement, Preparation of, 273. 
Keene’s cement, , Preparation of, 273. 
Kiln, The Aalborg, 160. 

,, The Batchelor, 152. 

,, Change undergone by limestone in, 

8 . 

„ Choice of, 16. 

„ The Dietzsch, 158. 

„ gases from Portland cement works, 
156. 

„ Hauenschild, 161. 

„ Hoffmann, 164. 

„ Hotop, 162. 

,, Rudersdorf, 17. 

,, Schneider, 161. 

„ Shaft, 151. 

,, Stein ribbed, 163. 

1 ,, rotary, cement. Analyses of, 177. 

I ,, „ f cVnker,^oolingsystem, 176. 
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Kiln, rotary, clirnker. Shaking coolers for, 

’ *’176. 

f ,, -h Tower coolers for, 

<5 1'- 175. 

„ „ Fuel in, 172, 178. 

,, - Giron’s experiments ynth, 

Ib'lA^* 

,, ^ Grinding;; coal for, 174. 

,, ,, *• Lathbury & SpackmanV, 

K6. 

,, „ Linifig of, 172. 

,, ,, Modern, PO. 

,, „ Newberry’s experiments 

with, 169. 

,, ,, Ransome’s, 167. 

,, ,, American patent, 

169. 

,, ,, regenerative process, 170. 

,, ,, ,, system of Messrs. 

Lathbury & Spack- 
man, 175. 

,, ,, Stokes’, 168. 

,, ,, temperature of chimney 

gases, 172. 

,, ,, ,, of clinker 

discharged 
from, 172. 

, , , , Use of, for wot process, 170. 

,, temperatures, EiFect of varying, 
upon clay limestone, 10. 

,, used for preparation of jdaster, 265. 
Kirkaldy, testa of selenitic cement, 252. 

,, Tests of selenitic mo^r by 
(Appendix A), 282. ^ 
Knapp’s theory of plaster cement, 273. 
Kominor mill, Description of, 129. 

Kreiss conveyor, 136. 

L. 

Landkin, M., as to use of alum with 
• plaster, 272. 

,, his experiments on Port- 

land cement, 143. 

„ investigations concerning 

plaster, 269. 

Lathbury & Spackman, Messrs., experi- 
ments with 
powdered coal, 
169. 

,, ,, plant at Michi- 

gan alkali 
works, 257. 

,, ,, their rotary 

drier, 109. 

,, ,, their rotary kiln 

system, 176. 

lie Chatelier’s experiments on Portland 
, oembnt, 79, 144, 145, 146. 

^Lias materials. Early difficulties with, 44. 
, , quarry, Analyses of various layers in, 
, 107,108. 


..j. Antiquity of use of, 1. , 

‘Artificial mixtures of clay with, 5. 
Ash of fuel in,' 16. 
burnii’g. Conditions to be c%jserved 
in, 14. 

Combination of, with water, 2. 
Definition of, 1 . 

' Determination of, 59. 

„ by permanganate, 

87. 

distinguished from cement, 1. 

Excess of, in Portland cement, 
243. 

Free, in Portland cement, 242. 
hydraulic, Leicestershire, Analyses 
of, 12. 

,, Physical characteristics 
of, 11. 

improved by selenitic treatment, 
251. 

Impure, 2. 

Influence of clayey matters on, 5. 
influenced by sulpimr in fuel, 248. 
kiln, Advantage of aqueous vapour 
in, 15. 

,, Continuous or draw, 14. 

,, Early form of, 14. 

,, Flare, 15. 

,, Gas-fired, 17, 18. 

,, Selection of suitable, 16. 

,, the Riidersdorf, Description 
of, 17. 

,, ,, Fuel con- 

sumption 
in, 17. 

,, tunnel, 15. 

,, ,, with separate fireplaces, 15. 

,, kilns. Continuous shaft, 16. 

. ,, continuous shaft. Admission 

and regulation of air to, 
17. 

,, Method for analysis of, 69. 

,, recombines with carbonic acid, 5. 

,, slaking expedited by use of boiling 
water, 4. 

,, used by Romans, 1. 

Limes, Classification of, 4. 

„ Fat, 4. 

,, Intermediate, 2. 

, , , , Danger of overburn- 

ing, 9. 

„ ' -jr, 4. 

„ their behaviour with water, 9. 

Limestone, Calcination of, 3. > . 

„ carboniferous. Analysis ,of, 

75. ‘ 

,, changes undergone in kiln, 8. ^ 

,, Choice Sf kiln for difiereqt 

kinds of, 16. . , 

,, hydraulic, Combined silica in, 

,, ,, Leiocatershire, 

, ‘ Analyses of, 1 4^^ 
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Limestone, •hydraulic, Newjwrt, Mon- 
mouthallire. 
Analysis of, 11. 

,, UneonAined silica 
in. 11. 

• , , Method of analysis for, 56 
Limestones.^clayey, Calcination of, 7. 
Loriot, his investigations on cement, 
Louisville TOment, 26. 

,, compared with Rosen- 
oale, 26. 

,, ,, system of manufacture, 27. 

Lunge’s nitrometer, 85. 

Ltirmann & Langen, Messrs., their manu- 
facture of paving blocks and artincial 
stone, 235. 


M. 

Machine for moulding briquettes, 207. 
Maclay’s hot- water test, 228. 

Magnesia bricks for rotary kiln linings, 
172. 

,, Compounds of, with silica and 

alumina, 52. 

,, Determination of, GO. 

,, EjSfect of, in Portland cement, 

52, 53. 

,, in American and Roman 

cements, 53. 

,, in Portland cement, 51. 

,, ,, ,, Lo Chatelier 

on, 147. 

,, ,, ,, Messrs. New- 

berry on, 
147. 

Manganese, Clays rich in, 235. 

Mann’s gravimeter, 88. 

Manufacturers object to severity of test, 
207. 

Margett’s process for preparing slurry, 99. 
Marignac, M., experiments with plaster, 
270. 

Martin’s cement, Preparation of, 273. 
Materials, Influence of, on the seat of the 
trade, 44. 

Maude & Son, J. M., price of their Port- 
• land cement, 35. 

,, ,, their works at 

Rotherhithe, 35 .• 
Medway nfUd from Gillingham, Analysis 
of, 74. 

„ ,, Method of analysis for, 67. 

Methods of testing cement, Present, 218. 
Miclmi)iiB, Dr. , Hot- water 4;e8t of, 227. 

,, ,, on admixture of clay with 

Portl/Dind cement, 232. 
Michele, Mr. V. de, his proposed specifi- 
cation, 279. 

„ • „ his wail^ill, 101. 

Microscope, Chatelier’s experiments 
with, on qement, 1^4, 145. See also 
Polariscope. • 


Millqtone%of rocL-j,mg;j# 182. 
hiinsier Manor sej^aria for cement, 23. 
Mortar, Action of in, 195. ® ^ 

,, Qphesion di, weakened •by sam, 

• l9o. ^ 

,p Correct proportion o^ ^nd in, 

] 37 . % f • ♦ 

Deiiaition /r, 195. * 

• ,, Expel iments on stre^l^th of, 199. 

,, InfluonceW sa^d on, 19G. 

, , Kirkaldy’s tests of ( ^ ppendix A), 

table ifi^ng 282^ 

,, not improved by sand, 195. 

,, Prep^aiion of, 200. 

„ Properties of, 195. 

Mortars used by Smeattn, 21. 

Moulds for making test briquettes, 217. 
Mumford & Moodie, their*air separator, 
181. 

N. 

Natural cements, 4. 

,, ,, of America, 25. 

Neate’s dynamic grinder, 187. 

Newberry, Mr. S. B., experiments with 
rotary kilns, 169. 

,, Messrs. S. & W., their experi- 
ments on hydraulic cements, 
147. 

Nitrometer, Lunge’s, 85. 


! 0 . 

j 

OvEN.s used for preparation of plaster, 268. 
Overburnt plaster, its combination with 
water, 263. 


P. 

Paddle-blade conveyors, 135. 

Parker, his cement termed Roman cement, 
23. 

, , his patent in 1791 for burning lime, 

22 . 

,, „ 1796 for cement, 22. 

,, mode of using his cement, 23. 

,, preparation of his cement, 22. 
Pasley, General, his tests of cements, 205. 
,, ,, on early history of Port- 

land cement, 33. 

,, ,, letter to Dr. Garthe, 33. 

I ,, his tests of cements in 1836, 24. 
Passow’s slag cement, 237. 

Patterns of test briquettes, Various, 212. 
Plaster, Action of Seignette salt on, 273. 
,, Alum used with, 271. , 

,, baked in special ovens, 268. 

„ Best, how prepared, 207. 

,, burnt with coal, 264. 

,, burilb 'wtth colse, 266. 

^0 
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Plaster calcined^ at a high temperature, 
262. 

, , , . oement, E. app’s theory of, 273 

,, Cora mercial,’.nade from gypsum, 
262. 

,, < D'^hydration of, by use of s^^^am, 

, 266. 

,, experiments^ by M. Le phatelier, 

262. , 

,, ' ,»• <M. Marignac, 270. 

,, Fibrous, 274. 

,, Former metho<’ of preparing, 264. 

„ kiln, 264, 26?f. 

„ ,, and coke o\ m combined, 

267. 

,, ,, Details of, 265. 

,, ,, Dumesnil’s, 265. 

,, ,, ^Improved construction of, 

265. 

,, M. Landrin, on the use of alum 
with, 272. 

,, ,, investigations into 

the set of, 269. 

,, M. Le Chatelier’s experiments 

and researches, 262, 269. 

,, M. Marignac’s observations on, 

270. 

,, of Paris as a cement, 261. 

,, ,, Chemistry of, 270. 

,, ), Gauging of, 268. 

,, ,, Grinding oL 268. 

, , Ovens for preparing, 268. 

,, Overburnt, its conminatj^ with 
water, 263. ^ 

,, Substances used to harden, 270. 
Plasterers’ work, Kind of cement best 
suited for, 47. 

Plymouth marble, Lime from, 19. 
Polariscope, Use of, 144, 145. 

Poor limes, 4. 

-Fwllwd cement. Action of sea water on, 
54. 

, , sulphates upon, 
49. 

Admixture of, with slag. 
Dr. hlichaelis on, 232. 
Adulteration of, with 
Kentish rag, 70. 
Adulteration of, with 
slag, 70. 

Alkalies in, 147. 

Alkali salts in, 54. 
Aluminates in, 146, 147. 
Analyses of, 77. 
Automatic machines for 
packing, 191. 
calcination, Chemistry 
of, 141. 

calcination, M. Fremy’s 
experiments, 141. 
clinker. Attempted pre- 
paration of, in blast 
fum^e,t233. 


Portland cement clinker, Spontaneous 
I, disintegration ofr^ 145, 

146. ” 

, , fe, , Condition of th/f iron in, 

51. 

„ ,, Continental practice in 

grinding, 183. 

, , , , determinai on of specific 

‘ gravity, •• 

„ ,, Early fineness of, 

„ ,, Early methods of grind- 

ing, 179. 

,, ,, Edge -runner mills for 

grinding, 186, 187, 

18S. 

,, ,, Effect of calcium sul- 

phide in, 51. 

,, ,, Enect of excess of clay, 

in, 47. 

,, ,, Effect of excess of lime 

in, 47. 

,, ,, Effect of magnesia in, 

62, 53. 

,, ,, Excess of lime in, 243. 

,, ,, Ferrites in, 146, 147. 

,, ,, Fineness of grinding, 

190. 

,, ,, first mafle by J, Aspdin, 

31. 

,, ,, Free lime in, 242. 

,, „ from caustic soda waste 

at Michigan alkali 
works, 257. 

,, ,, from fused clinker, 65. 

,, ,, German standard tests 

for (Appendix C), 287. 
,, ,, highly limed. Danger 

of, 48. 

,, ,, in America, Early days 

of, 169. 

,, ,, kiln, Batchelor’s, 162. 

,, ,, ,, Johnson’s, 149. 

,, ,, ,, Spackman’s, 153. 

,, ’ ,, kilns, closed type 149. 

,, ,, ,, Fuel consumption 

in, 148, Uf', 160, 
161, 162, 164, 
178. 

,, ,, ,, open type. Fuel 

consumption in, 
148. ' 

„ ' „ Le Chatelier’s investiga- 

tions on, 144. 

,, ,, Le Chatelior’s micro- 

scopical experiments, 
144, 146. 

„ ,, 1^ Chatelier’s reoWt ex- 

periments, 146. 

„ ,, , Magnesia in, 61, 147./ r 

,, r < , manufacture, Cost^ of 
(Appei^dix E), 296. 

„ ,, ’Manufacture, Qrurinal 

process of, 93. 
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Portland cement, Messrs. Newberry’s 1 Q. 

views on essent^l con - 1 • 

' abituents of, 147. * QirALiTiES needful cement, ^19. 

,, Method o^analysis foi, Quicklime, Ohcm^fcompouititn of, 

* 67. , ,, • rr calcium oxide, 2. 

^ ‘ ,, Mills for grinding act- „ Preparation of, 2., 

ing by percussion, ^ 83. 

,, mixtures, MetliotL of 

analysis for, 56. ^ R. 

,, M. Landrin’s experi- 
ments on, 143. Rangkh, Concrete of, #201. 

,, ,, origin of name, 31. Ransome’s rota^ kiln, 167. 

,, ,, overlimod. Effect of ex- Raw flour, Araffifan methods of prepar- 

posure to air on, 48. • ing, 113. 


Percentage of sulphur 
allowable in, 48. 
preparation of raw 

materials, 09. 
Principal substances 
present in, 144. 
proportions of raw 

materials, 47. 
raw materials differ 
widely, 109. 

raw mixtures, Analyses 
of, 75. 

Report of American com- 
mittee on standard 


tests (Appendix D), 
292. 

,, ,, Roller- mills for grind- 

ing, 184. 

,, ,, Rotary kilns for cal- 

cining, 167. 

,, ,, sifting machinery, 180. 

,, ,, Silicates in, 146, 147. 

,, ,, silos, 191. 

,, ,, slurry, Mr. V. de 

Michele’s drying 
chambers for, 152. 

,, ,, slurry. The Gibbon’s 

drying chambers for, 
152. 

,, ,, Sources of sulphur in, 

48. 

,, ,, Special use of tube-mill 

for grinding, 188. 

,, # Speci&ations for, 275. 

,, ,, tests in France, 206. 

,, ,, Value of, made knqjyn 

• by testing, 205. 

,, ,, works. Kiln gases from, 

156. 

,, „ Wylson, 36. 

Pot^h, Determination of,* 63. 

Proportions of ra^ materials, Erdmenger 

on, 79. 

,, ,, *,, Le Chatelier 

on, 79. 

,, * Newberry 

• * on, 79. 

Prussing’fl ^^f-water test, 229. 

Puzzuolana, Trass, &c., 6. 


,, ,, Brick-making process for, 117. 

,, ,, Danish method of preparing, 

116. • 

,, ,, Edison proces§ for preparing, 

114. 

,, ,, from soft materials, 116. 

,, „ German method of preparing, 

116. 

, , , , of dry process. Preparation of, 

112. 

,, „ Silos for, 112. 

,, materials, Automatic weighing of, 
113. 

,, ,, Calculation of propor- 

tions of, 79. 

,, „ Early methods of propor- 

tioning, 97. 

„ ,, necessity of uniform mix- 

ture, 92. 

,, mixtures, Portland cement, Analysis 
of, 75. 

Re-enforced concrete, 203. 

Reid, H., his work on cements, 210. 
Rendel, his use of concrete, 206. 

Roller- mills for grinding Portland cement, 
184. 

Roman and American cements 
in, 53. 

,, cement made by Parker, 23. 

,, ,, Sotting of , 10. 

,, cements, Analyses of 5.3. 

Romans, Use of lime by, 1. 

Rosendale cement, 25. 

Rotary kilns (see Kilns, Rotary). 
Riidorsdorf lime kiln. Description of, 17. 
,, ,, Fuel consumption 

in, 17. 


S. 

St. Leger’s patent for artificial hydraulic 
lin.e, 26. 

Sand, Action of, in mortar, 195, et seq. 

,, As to invariable use of, 197. 

„ grains. Size of, important, 199. 

,, influence of, Experiments on, 199^ 
,, Pasley on use of, 198. 

,, Propprtjjpns of^to be added, 197. 
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Sand» proportions of, Rules for, by Gen. 
Scott, 16^.' r 

,, Separation of from silica, 67, 65, 

,, Theories as to use of, 197.* 

,, T<;^tten’B theory of, 197. 

,. Vical’onthe 'se of, 19S 
Saiitorin ei*rth, 6. , * 

Scheibler’s oalcimeter, V2. ^ 

Schneider kil 1, The, 16^. 

Schott, his experin'.cnts with slaked lime, 

,, his theory r&'j^cting selenitic 
cement, 250. " 

Schumann’s volumemetor, 89. 

Scott, General, his process for dealing 
with limed sewage sludge, 254. 

Scott’s cement, Discovery of, in 1854, 248. 

,, ,, Manufacture of, 249. 

Sea water. Action of, on Portland cement, 
54. 

,, on cement. Effect of (Appendix 
13), 284. 

Seignette salt, its action on plaster, 273. 
Selenitic cement. Best limes for, 250. 

,, ,, Colour of, 251. 

,, ,, Experiments with, by 

Kirkaldy, 252. 

,, ,, Feebly hydraulic lime 

best for, 250. 

,, ,, General Scott’s, 49. 

,, ,, Kirkakly’s tests of, 252. 

,, ,, Manufacture of, 2^ 

,, ,, tested at the nevrLaw 

Courts, 251. 

,, mortar, Tests of, by Kirkaldy 

(Appendix A), table facing 282. 
,, treatment. Improvement of lime 

bv, 251. 

Septaria used for manufacture of Roman 

aetting'm’plaster, M. Marignac on, 270. 

it ,, Theory of, 269. 

Sewage cement, Nature of, 255. 

,, sludge, Cost of dealing with, by 
lime process, 255. 

„ ,, Use of, for cements, 254. 

Shaft kilns. Description of, 157. 

,, Use of, in wet process, 105. 
Shale, Method of analysis for, 64. 
Sheppey septaria for cement, 23. 

Sidero cement, 258. 

,, Analyses of, 259. 

,, Tests of, 260. 

Sifting machinery for Portland cement, 
180. 

Silica and its compounds, Chemistry of, 
6. 

,, Combined, in hydraulic limestones, 

11. 

Determination of, 56, 64, 65, 68. 

,, Uncombined, in hydraulic lime- 
stones, 11. 


Silicates, Action of water on, 

,, Fremy’s experiments upomi^or- 

' mation o^ 12. , 

,, in ^^ortland cement, Le Q^atelier 

on, 14C. 

„ „ „ Mep-srs.' New- 

berry’s views 
uon, 147. 

',, Influence of heat on 

Siliceous clays, Effect of, on cement, 

Silos for Portland cement, 191. 

,, Use of, 113. 

Silurian shale, Analysis of, 75. 

Slag, admixture of, with Portland cement, 
Dr. Michaelis on, 232. 

,, cement. Analysis o^ 241. 

and sand. Tests of, 247. 
Calcium sulphide in, 51. 
Chemistry of, 241. 
Composition of, as compared 
with Portland, 242. 
Fineness of, 245. 

German tests of, 244. 
Influence of atmosphere on, 
240. 

Lime and magnesia in, 
242. 

manufacture. Economy of, 
239. 

Manufacture of, 237, 238. 
manufacture, Princi]>al de- 
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Ti ajci'tory of ilieSlr.iin — t.liicu in \ of 'I'lii liints, Ty pes II., Ill and IV. — 'rurbiiie Vanes. — 
l>isc and V ’lie l''iic JSf in Tiirbmi.s.- Sjx'mIu lle.al of Siiperln ated Steam — Slienuth 
of RotatuiK Discs - ('rovenimc’ Stcaiii 'I'lirbines — bte.iiii Coiisuniiilion of '1 m bines.— The 
Whiibnc of Shafts. — Speed lU’Tiii biiu s Inih \. 

“ f )ne of th<' latest l< \l -lioolvs a'so one of tin- be^l . , . 1 hoi c is absoliiti ly 

no Ii.iddiiitT.”— A/ e Witliam While \\\ the Turn Kni;iin ( inn; Siipplcmciil. 


In Large Crown 8vo. ilandsomo Cloth. With 181 illustrations. Gs. not. 

LECTURES ON THE MARINE STEAM TURBINE. 

ilY T’lioi’. . 1 . IlAlt-VAllI) I 5 ILKS, M.Inst.N. A., 

Proft’s.soi of N:i\al 'Xudiiteelui e in the rniver.sn.v of («la^l^o\^ 

“Tins IS the bi. ,t popnl.u woiK on the in.iiiiie ste.ua luibme w hieh li.is ,>el .ippeaied — 
Sti'intixhip. _ _ __ 

Works by BRYAN DONKIN. M.Inst.C.E., M.InstMech.E., &c. 

Fourth Edition, Revised and Enlarged. With additional Illustrations. 
Large 8vo, Handsome Cloth. 21;^. not. 

A TREATISE ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN HONK£n, M.Inst.C.E., M.Inst.Mf.ch.E. 

CoNTi'.N 1 s. -P'Ki 1 .- Gas Engine.;.: (/<ut.ial I'escripMou of Acuo.i and Pails.--. 
Heat Cyi les and Vlas .ifu ation of Gas J .iif'iues. — ihstois of Hk tbe l‘aigin<‘ - 'J‘he 
Atkinson, Grilfin, .ind Slo(k))oil Isnuines. — 'flu Otto lias Knyinc —Model n P.nlish Gas 
Knuines - Modem i'lencli lla'^ Kni;in» s — (ieruian Gas l'an;incs.--('ias Producliun for 
Motive Powtr— IJtilis.ition of Pdasi-fiiriiat't and taike-ovcn G ises foi Power. — The Theory 
of iIk Gas Kaiiiliu . — Chemical Coiniio.uion ol G.xs in an F,nj;in< Cylimlei. Idilisalion ot 
lie. It 111 a Gas En'.;tiu - !• viilosion and Comhiisiion in a (ias Pngine. — Pakt II. — 
Petroleum Engines: The Discovery, Utilisation, and iVoperlies of Oil.- Method of 
d'rcatiug t )il. - 1 . arhur.ilois — I’.arly Dil Engines — I’r.K tu al Ayiplicatiou of Gas and Oil 
Engii). . Pakt HI.— Air Engines.- Al l HNim hs. -In'okx. 

"The best liook now inihlishtd t-n Gas, Oil, : -id An I’.ngiiies.” — h.ngini cr. 


In Quarto, Handsome Cloth. With Numerous Blates. 25s, 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(I4AND, MARINE, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.C.E. 

CrNi'KAT. CoNirNTs — Classilicatioii of Differeirt 'types of TSoilers. — 425 Experiments on 
English and l oreign Pioilers with their He.at Efficieue’" shown in Fifty Tables ~J''ire 
Grates of V'aiioiis Types.— Mec liaiiical Stokers.— Com.... >aoti of Fuel in Doilers. — Trans- 
mission of Heal ihrough l.oiiei Plates, .and ilicir Tcmpei.iturc — Feed Water Healers, 
Superheaters, Feed Pumps, M'c Smoke and its Prevention lii'-tniiiients used in Testing 
Boilers. — Marine and Locomotive Bodeis Fuel 'resting Slalioie -Discussion of the Trials 
and Conclusions.- On tlie tdioice ol -i Boilei, and 'I esiiiig of Land, Maune, and laicomotive 
Boilers. — Appendices. -Bibliography.- Indi < 

••Probably tbo jio.st txiiAUHTivK rtsume that ha» ever been colloctod. A FRAOnoAX. 
Book by a thoroughly practical man '—Iron and Goal Tradctt fiewirtr. 

”T^D0N: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 
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Fouktu Kdition, Revised Jiockct-Sizc, *12s. tid. • 

toilers', MARI^S‘ANI> LAI^D; 

;; THLIR COhlSTRUCTION* ANC STRENGTH. **\ 

A E/^^^I>BooK OP Rules, Fokmiil>k, Tables, . kklII!Five to M^tkbial,^ 
2. SOANTIilNOH, AND PKE^UKES SaFK At \ ^LVy|«, SpkINOS,* 

FiTTINOS and MoUNTINOS, &0. j • 

FOR THE USE OF ENGINEERS, SURVEYORS, ROILEl. ^* AKERS. 
AND STEAM USERS. 

By T. W. TRAILL, M. Inst. 0. E,. F. E. JL N., 

hat** Kiiniu.‘er Surveyor lu (Jhi«f to tho Hoaffil Trado 
“Uoiitiima ,in KN«)R,'\it)nf5 Otiantity of 1 spimMATioN arrraTigrd in a v^^iy coin cnlnit form. . . 

A MOST IIHKFI.'I, VOM MK . suin>iviiijr mf'>rmiiti<»n to bo had iiowlicie ols^' "—The Kyiftineer. 


FiPTTi Edition. Uargo Crown 8vo, With numerous 
lllustrationH. 68. net. 

ENGINE-ROOM PRACTICE: 

A Handbook tor Engineers and Olficers in the Royal Navy and Mercantile 
Marine, including the Management of the Main and Auxiliary 
Engines on Board Ship. 

By JOHN C4. LlVERSiDGE, H.N., A.M.l.C.3^:. 

Cmtevtx Gonenii DoHCTiption ol Mai nio Machiuia-y — 'I’iie Conditions of S«r vice and 
Duties of Engineers of the Royal Navy —Entry and Conditions of Seivicoof EiiKineors of 
tho Loading fs.S Cnnip.iuies. — liaising Sioaiu — Duties of a StoaTiiing Watch on Engines 
and Boilers — Siiulting off Steam —Har’ ir Dutios and WatclieH — AdjuBlmeuts and 
Repairs of Euginos — Rr«*Hervali(<n and Repairs ol “Tank ’ Itoiierh — The Hull and its 
Kittiugs.— Cleaning and Painting Rlackiuory. — Reciprocating Pumps, Food Heaters, and 
Automatic Feed -Water Regulators — Evaporators —Steam Boats - Eloclnc Light 
Machinery — Hydraulic Machinery.— Air-ConipresKing Pumps —Refrigerating Machines 
— Macliinery of Dcsiroycrs — The Man.igenn ut of Water Tube lioilers — Regulations fer 
Entry of Ahsistant Eugiuecis, K N -- Quesiioua given in Exaniiiiations for Promotion or 
ti*agiaoors, R N — Regulations lespccting Roatd of Tiado Examinations for Engineers, Ac 
“This VKRY I.SVKII 1 , HOOK 1 1 .LUHTRAT ‘ONS aro of QKKAT IMl'OnTANCh 111 a WOrk 

of this kind, and it is Hatisfactory to find that ai'K*iAL attfntion has hi'en given m this 
respect.” — Knyinecrx' (Hazetlc 

Fori.Tii Eimtmin, 'I'horoughly Revised and (Jreatly Enlarged. 

^\'it]l Nuimruus llluHlrations. Trice lOs. Hd. 

VALVES AND VALVE - GEARING i 

A Practical Text-book for the use of Engineers, Draughtsmen, and dents^ 
ID CHARLES HURST, PitAtiTicAL Dija idutsman. 

Paut T steam Engine Valves I PAliT III.— Air Coinpiossoi Valves and 

]*AKT 11 — (fas I'kigiiic Valvc.s ami Gcaiing. 

Goars. | I’AKT iV. Pmni) Valvt'.s. 

"Mo. Hdkbts valvks and valve-qbauino will prove a very valuable aid, and tend to the 
production of Engines of SCIENTIFIC DB'OON and BCosoMiCAT. woRKiNO . . . Will be largely 

sought afbT by students and Designers " — Marine Engineer 

•‘As-- iiractical trcaiise on the aubicct, the book stands without a rivul."— .i/ec/iantcaf 
World. 

Hints on Steam Eng^ine Desigrn and Construction. By Charles 
Hijkht, “Author of Valves and Valve Gearing.” Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net, 

OONTKNTs — 1 S‘e8m* Pipes —II Valves. — 111. Cvbnders — 1\\ Air Pumps and Con- 
• densers.— V. Motion Woik. — Vi. Crank Shafts and J^edestals — VII. Valve Goar.— VIll. 
Lubrication — IX Miscellaneous Details — iNDtx. 

“A handy volume wliicii every practicul young engineer should possess.” — Tfu Model 
Engineer. 

LONDON : CHAALEsTrIFFIN & CO.. LIMITED, EXETER STREET. STRAND. 
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CJB(f,RLES ORJfFIN Ss 00.' 8 PUBLICATIONS. 

SECOND EdTi on, Revised. With Dumeroua Plates reduced from 
Working Drawings and 2R0 lllustratiunB iiiHhe Text. 21b. 

A ma,n'ual of f' 

LOCOMOTIVE ENGINEERINC; 

A Fpaetleal l ext-Book for .the iJse of Engine Builders, 
Desicners and Draughtsmen, Railway 
Engineers, and Students. 

By william FRANK PETTIGREW, M.Inst.C.E. 

With a Section o];. American and Continental Engines. 

By albert F. RAVENSHEAR, B.Sc., 

' Of His Majesty's Pateut Office. 

Contenti. — Historical Introduction, 176:'. IRtH. — Modern l.oconaolivoR : Simple.— 
Modem Locomotives: Compound Primary Consideration In Locomotive Design — 
Cylinders, Steam Uliests. and Stuffing Boxen — Pistons, Piston Kods, Urosslieads, and 
Slide Bars. — Connecting and Coupling Itods — Wneels and Axles. Axle Boxes, Ilornbloctes, 
and Bearing Springs —Balancing.— Valve Gear.— Slide Valves and Valve Gear Details. — 
Burning, Bogies and Axle Trucks, Itadial Axle Boxes.— Boilers — Smokobox Blast Pipe, 
Firebox Fittings.— Boiler Mountings — Tenders. Railway Brakes.— Lubrication— Oon- 
samption of Fuel. Evaporation and Engine Efficiency. — American Locomotives — Con- 
tinental Locomotives. — Repairs, Running, Inspection, and Renewals — Three Appondioes, 
•i-lndox. 

“The work contains au. that can bk lkaknt from a book upon such a subject. It 
will at once rank as thk stanoard work upon this important HCBJiiCT.*'“/2a»/fray Magazine. 


In Large 8vo. Fully Illustrated. 8.s. Gd. net. 

LOCOMOTIVE COMPOUNDIHC AND SUPERHEATING. 

By J. K. GAIRNS. 

CoNTKNTs.— liitrodHctory. Corn’s nindinjr and Snjiorhi'atmg for Loc omotives.- A 
Classification of Ccnnjtoniid Systcu’^'foi Lot omotives. The History and DeM'lopmeiit of 
the Compound Ijoroinotive. — T\vo*Cylindor Non-Antoinatn* Bystems. — Two-Cylinder 
Automatic Systems -Other Ti\o-C,\lindei Sjsteiiis. — Thite Cylinder Systi ins. — Four- 
Cylinder Tandem .Sy8teni.s - Four-Cylinder Two-Crank .Systems (other than TandOTn).— 
Four-Cylinder Balnnoed Systems.- Four-r:ylinder Divided and Balanced Systems.— 
Articulated ConiiKmud Engines. — Trijile-Fxpansioii Loeoimitives. — Comjiound Rack 
Locomotives.- Concluding Remarks Concerning Compound Locomotives. — The Use of 
Superheated Steam for Loeoinotives.— INDKX. 

“A welcome addition to the library of the railway engineer ’ — Engmeei'ing Times. 


in Large 8vo. Handaome Cloth, With Platen and lllmtralio 7 ia. 168. 

ILXGH'T RAIX-WAYS 

AT HOME AND ABROAD. 

By william HENRY OOLE, M.Inst.O.B., 

Late Deputy-Manager, North-Western Railway, India. 

Contents. — DiscusHion of the Term “Light Railways. ’’—English Railways, 
Kates, and Fanners. — Light Railways in Belgium, France, Italy, otler 
European Countries, America and the Colonies, India, Ireland. — Road Trans- 
port as an alternative.— The Light Railways IROG.— The Question of 

C^uge. — Construction and Working. — T^ocoraotives and Rolling-Stock. — Light 
Railways in England, Scotland, and Wales. — AT>T>ondiceB and Index., 

“ Will remain, for some time yet a Standard Work in everything relating to Light 
Kallways.” — Engineer. 

“llie whole subject is exhaustively and practically considered The work can be . 
.cordially recommended as indispK/N.sablk to those whose duty it to bcV.ome acquainted 
with one of the prime necessities of the immediate future ” — HaPwnn OfUnaf Gnzetff 


IjOMDON : CHARLES GRIFFIN & CO.. LIMIFED. EXETFB. STREET, STRAW 
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ENGINEISRINO ANI/ MESBANiqs, •« 
0 1 

* y 

In Crown Handsome Cloth. T.y llluftrated. 

fR.’CTlCAl CAlCULATIOllS FOR ERCIliEEHS! 

V* By OHAHL^IS i.. I*A A fc I), 

^ ’ A.M Inbt.C E . M.I M^Vh E . Wli.Kx’i . * ^ ’ 

Head of tin* Mecliiuiu ill EiifcineoriDA; l>ei>artiin*iit. at. the TSIoillwmiitton Astitut^* I •ifion, I' 

And II. A. GO LI) I NCI, 

aJonticnts. — SkctioN 1. (loutractfd HoHumIs t)f t'alcul.dj-'M 'i'erlinie-al Meiipura- 
tion.- Praetioal Calculation by Eo^ai itlnii.s. The Slide lli*e .4iul its Aiiplications. — 
•>qium-(l Pajier and its 1 Bcs SllCTmN II Pulleys and Wheels in 'I'rani. Speed Itatios 
^lul Practical ExaUiples - J’nncijde of Moments AiqilRsl to Piactical P^ohlems, - -AVork 
iiul Power. - Enerjij and Spectl Klnctuations - Transmission of Work thr<mp:h Machines. 
- Enction ainl Ellicicncy Tiansuiission ol I’ower - Shultui'i.-- Motion on a Circle.- - 
Motueiitiuii, Ac< elei iitimi, ami Foret* Action Smtion 111 'rempciatiirc Semes.- Cnits 
it Heat --S]ieeilh Heat. Heat ami Wtuk. Heat \ alneof Fiiel.s.- Heat Losses in Engine 
ind Jioiler Plant — J^roperties of Steaiii.- Moisture ami Dryness Fractuin,— Steaiii ami 
Fuel ('aleulations —Holler Etiieiency. Si/e of P.oilcr — Eiigin*. Calculations - Power, 
Indnated .ind Eiake.— Caleulatmns foi Diinensions - Steiuii (/'onsnniption and AVillaiis 
Law Ktlh leneies, Coiiijiarat.ive Costs of I'ower IToduction — Coinmeieial Efhciency. 
•iKOTioN IV. The Coinincicial side of Engiiieeiing -Cahailation ot Weighl.s — Division 
it tJo.sts, Mateiial ami Labour, ShopChaiges ami E.slablishnient Charges. — Estimates. - 
Profit. I se of Squared Paper in tlie Eslimatiiig Dejiartment and to the (Seneral 
Management. 


Sixth Edition. Folio strongly half-bound, 2 is. 

TRJLVSRSS T'ABUSS: 

Computed to Four Places of Decimals for every Minute of Angfle 
up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD (JURDEN, 

Authorised Surveyor for the Governments of New South Wales and Victoria. 

Published with the Concurrence oj the Surveyors- General for New South 
Wales and Victoria. 

“ Those who have experience in exact Survky-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The _comput.aUons 
enable tbe user to ascertain the sines and cosines for a di.stance of twelve miles to« ithin 
half an inch, and this by khfkrknch to but Onk Tablk, m place ot the usual Fifteen 
minute computations required This alone is evidence of the assistance which the Tables 
eiisuie to every user, .and .as every Surveyor in active practice has felt the want of such 
avsKstance fkw knowing ok a hkik publication will remain without them." 

—EniiiHccr. 


Strongly Bound in Super Royal Svo. Cloth Boards. 7s. Od. net. 



For^Caleulating Wages on !he Bonus or Premium Systems. 

for Enoinecring, Technical and Allied Trades. 

By HENRY A. GOLDING, A.M.Inst.M.E., 

Toolum.al Asej.st.'Mit to aIpksis Bij.iii Dtuikm and Glencli, Ltd., and AK.sistaiit Lectuier 
• 111 Mt'c)»amnil Eiigiiicciing at the Northainiiton Iiistitute, Lomlon, E.C 

“CHiinot fail to prove iiracticully serviceable to those for Mdioni they have been 
designed.”— Scotuman. 

LONDON: CHARLES GDAFFIN & CO., LIMITED EXETER STREET, STRAND.* 
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CHARLES GRIFFIN db CO,*S PUBLICATIONS. 


" SKOor!*'^ Edition. Large‘'Hvo, Handaoiije Cloth. With 

* IllustriTJonB, Tables, &,c. 21b. net. i 

Lubrication & Lubricar ts:- 

A Treatise on the Thevy and Practice of Lubrication, and on 
* Nar\re, Properties, tind Testing of Lubricants. 

1!^'*' AND ^ 

LEONAHD AltcHBlTTT, F. I.C.. F.(\S., K. M. DKEI.KY, M.I.Moch.E , F.(i S., 

(y’liemiat to nl Ry Cn Olnol Li»co yiipfi , Mid. lly Co. 

CoNTK^TB.— 1 . Friction of Solida —II. Liiinid Friction or Viscosity, and Plastic 
Friction. — III. SupcrtlciataTcnsion — IV. The Theory of Luhric.ation.- V. Lubricants, 
their Sources, Prejiaration, anil Pioperties. VI rhy.sical Properties and Methods of 
Examination of Lubricants -VII, Chemical Propertie.s and Method.s of Examination 
of Lubricants. 1 -V'lII. The Systematic TestiiiR: of Lubricants by Phy.sical and (!!hemlcal 
Methods. — IX. The Mechanical Testing of Lubricants. — X. 'J'he Design and Lubrication 
of Bearing".— XI. The Lulirication of Machinery. — INOEX. 

“Contains practically AT.b that is known on the subject. Deserves the careful 
attention of all Engineers .” — Hail way Ojjicial Gazette. 


Fourth Edition. Very fvUy IlLustrated. Gloth^ 4s. 6d. 

STEAM - BOILERS: 

THEIR DEFECTS, MANAOEMENT, AND CONSTRUCTION, 
By R D. MUNRO, 

fjhief Engineer of the Scottish Boiler Insuratuse and Engine Jnspeetten Coinpans, 
Gbnekal Contknts. — T. Exri osions caused (i) by (.Ivcrhcatnig of Plates — (2) By 
Defective and Overloaded Safety Valves — l!y Corrosion, Internal 01 External — (4) By 
Defective Design and C'onsltuctioii (Unsuppi.itcd I' hie 'lubes , Dnstrengthened Manholes; 
Defective St. ay ing , Strength of Plvttled Joints, Ea< tor of Salctj )— 11 ( onstkuction ok 
Vertical Boiikrh: Shells - Ci own Plates and Uptake 1 ubes— Man Holes, Miul-Ilelcs, 
and Fire-Holes — Fireboxes Mountip^s — Management — (leaning— 'J 'able of Bursting 
Pre.ssures of Steel Boilers — Tabiu o^Kivelted Joints — .Spectfieaitons and Drawings of 
Lanca.shire Boiler for Working i’ressures (ti) So lbs ; (/•) 200 lbs. per square int li respectively. 

“ A valuable comyiamoti for workmen and engineers engaged .ibout Steam Boilers, ought 
to be carefully studied, and alway.s at hand.”— Ct»//. Guardian. 


By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to rrevent their Occurrence. A Pnictical Handbook 
uased on Actual Experiment. With Diagram and Coloured Plate. 3s. 


In Crmun Cloth. Fully lllustrattd. 5^. net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice In General Tool Grinding, and the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

Introduction. — Tool Cirinding. — Emery Wheels. — Mounting Emery Wheels. 
— Emery Kings and Cylinders. — Conditions to I .....nre Eflieicnt Working. — 
leading Types of Machines. - Concave and Conve.x Grinding. — Cup and Cone 
Machines, — Multiple Grinding. — “Guest" Univeisal and Cutter Grinding 
Machines. — Ward Universal Cutter Gnnder. — Press. — .Tool Grinding. — I..atbe 
Centre Grinder, — Polishing. — Index. 

“ Eminently practical . . . cannot fail to attract the notice of the u.serh of this class of 

mkchinery, and to meet with careful perusal,’’ — Chem. Trade Journal:' 


LONDON! CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRANp. 
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I’ar i s. Crj^wu 8 vo, Ilandsonic C1 c»Hi . \^cry i'til’y Ill'istra^icl. 

kI'\ 0 R-CAR mechanism ftNB MANAGEMENT. 

By W. BOYNTER A:)A:>IS, M.In'^T.E.K. 

TXXX^EX^ :pJ1x2.X?£>. 

• • 

Part L— The Petrol Car. Part 11. —The Eleetrifiai Car. 
Part III.— The Steam Car. 


PART I.— THE PETROL CAR. net ^ 

Sfc ONI) Edition. With impoilanl tn w Appendix, ilUisliatiiit; .ind dcrmint; pa»t^ 
uf .uliial o.irx in ns<N • 

Contents.— S ection I. — The Mechanism ot hie J’ictroe ('ar. — 
The Engine. — I'lie h’n^inc AcLCsstiru's. — Klectiical U;;iiiLiuii and \ccessoncb. 
— Multijilc Cylinder lOni^incs. The I*elrt)I. — Tli<‘ Chassis .uid Driving; Ciear. 

SFC'I ION II. 'I'llE MaNAHFMFNT 0I< the I'F I Kt>l. ('aR - Tilt* IClUH^e. - 

'I'hc Fn<j[nu.* Aceessoi icn. ii u .il Ignition. — Tlie ('Iiansis .uid Driving 

Gear. — (General Managcmenl.- -.\i*l‘ENI)I.\. -Geossary.-- Indi N. 

“Should 1 k' ( irefnlly stiidird 1,^ liioso wlio luivc anythin;; to do willi niulors.’’- Aufo- 
ntoMlc (lUi/ ( nrtiat;, Utaiiii !ou>nal. 


Ill ljurgo 8 vo. Haiidsornt* Cloth. Very Fully Illustiatt'd. ISs. not. 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Retro! Motors. 
By F. STRICKLAND. 

OKNRitAh Contents, -i’AUT I : En<jinks.- rii.storuMl. -I’owcr Reiiunctl.— (iont'ral 
ArruiiRnmt'fir, of lOiifriiifs — Ifrniiioii. - (-’arhun Uoik — (.yinnhis, I’lstons, Viilvi'H, Ac.— 
Crank Shafts, Crank (.liaiuherH, C.iins, Itnancrs, tJiiidcs. Ai - Ihimps l''l> liccls. - 
Pipe A nan^'cmcnis - Silcnccis -- Hiiamo Contiol, Ikilain in;; Motor Cyt-h* En;;nn*s • 
Mailin' Mo1,ots — ' l'wo-C,\ck‘ Motors I'aiaflm I'aihurcttois. - Has I'lodnctvs. PART 
II.; Cars Hcncval AnanKCPicnts Clutches — Tran.sinissioii.- - Dittountial Hettrs. 
Universal .loints Axles. — Spniins. Kudins Rods. - Krakes M heels — Kraincs. — 
Steennj; Hear. Jtadiator. — Steps, Mml;;uanls, lloiinets, Ac.— laihncation. — Ptull 
Bcarin;;,s Bodies —Faetor.s of Siilet.>. Caleulatuais of Stic.sses — Special Chanjee Sjieetl 
Hears.- Sjieoial Cais.— t’omniercial V elneles. — Kacni;; Ciirs. — Indkx. 


Ready Immediately. In Large Svo, Handsome Cloth. \ery Fully 
Iliu.strated by ^^lates and JDiagiams. 

TllE PROBLEM OF FLIGHT. 

By HERBERT C 11 AT L BY, B. So. (Fnh. ), London, 

J^eclurcr in Applied Mechanics, PortHinoulh Technical Institute. 

^ONTEN'is — Tnc,» ITohIcni of Flifiiit. — The IIolix — Tin* Aeroplane —The Aviplaue — 
Dirigible Halo<nin — Form anti Fittings of the An ship — .\i*citNuici.» {The 1‘osstbilUy of 
/VtpAf, Weight, A FIvrihle Wing, 7 hear >/ of iSa/ance, /tibliographi/) — Indb.v 

LONDON: CHARLL8 GRIFFIN & CO., IIMITED. EXtTER STREET, STRAND. 
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* " , WO&KS BY 

ANDREW JAMIESON, M.Inst.CK, M.I.E.E., F.R E., 

*FohHgrIy Professor of Electrical J^n^^ineering^ The chts. and IV. of Scot. Tec\ Coll. 

PEOFESSok JAMI-3S0N;3 advanced text-book;^. 

» In Large Crown ^vo. Fully Illustrated. 

STEAM And steam-engines, including turbines 

ANF> 150 IT>Il 1 \.S. For the U'^e of Engineers anfl for Students preparing 
for Examinations. With 800 pp., over 400 lllusirations, 11 Plates, many 
B. of E., C. and (j. , ()iiosl ions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. I'iltk.enth Edition, Revised. 10s. 6d. 

“The Bksy Book yet published for the use of Students " — Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING* 

Including All the Inst. C.E. Exams, in (i) Applied Mechanics; 
(2) Strength and Elasticity t>f Materials ; (3a) Theoiy of Structures : 
(ii) Theory of Machines; Hydraulics. Also B. of E. ; C. and G. Questions. 

Vol. 1 . — Comprising 568 pages, 300 Illustrations, and (^tuestions : 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, tvc. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, cS:c. P'ikth Edition. 8s. 6d. 

“Fully maintains the reputation of the Author." — Pract. Engineer. 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Grajihic Statics ; 
Strength and h'dasbicily of Materials ; Hydraulic.s and Hydraulic 
Machinery. Phi 'ni Edition. 12s. 6d. 

“Well and lucioly written ”—7*4^' Rneineer . 

\* Each of the al> 07 'e z'oluwes u cempiete in itself and iold separately. 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS 

Crenvn 8 vo. With Illustrations and Examination Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual oO- For First-Year Students, forming an Introduction to the 
Author’s larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 

''^'Should be in the hands of every engineerinR apprentice ” — Practical Engineer. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First-Year Students. With Stiul Inst. C.E. and B. of E. 
Exam. Questions. Slvlm'h Edition, Revised and Enlarged. 3/6. 

“ A thoroughly trustworthy Text-book. Practical and Nature. 

APPLIED MECHANICS (Elementary Manual of). 

P'or First-Year Students. With B. of E., C.and G. ; and Stud. Inst. C.E. 
Questions. Sevkntii Edition, K»jvised and Greatly Enlarged. 3/6. 

“ I’he work has very high qualities, which inay be condensed into the oift' word 
‘ clear.’ ” — Science and Art. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By Joht Munro, 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth 
Edition. [Sec p. 48 General Catalogue. 

lOWDOH: CHARLES GRIFFIN & CO.. LIMITED. EX^TER^ STREET. STRANO. 
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.WORKS BY W. i. MACQDORfi RANP^,, F.R.S. 

# 

Thopougrhly Revised by WeJ. MlLLiAR, C.B. 
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•A ^IaNUAL of applied mechanics ; ^bo my»*i nig ^he 

Principles of Statics and Cinematics, and I’heory of* ^tmoturea. 
Mechanism, and Machines. With Numerous Cromt 8vo, 

Cloth. Skventkknth Edition. ISs. 6d. • 

— • 

A MANUAL OF CIVIL ENGINEERING: Comprising Engin- 
eering Surveys, Earthwork, Foundations, Masonry, Carjjfentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harlj^ours, &c. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth, 
TwENTY-l’aniD Kdition. IfJs. 

A MANUAL OF MACHINERY AND MILLWORK : Com- 
prising the Ceometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly 800 Illustrations. Crown 
8 VO, Cloth. Seventh Edition. 128. 6d. 

A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and Aib 
Engines, by Rkyan Donkin, M.lnBt.C.K. With S'olding Plates 
and Numerous illustrations. Crown 8vo, Cloth. Sixteenth 
Edition 12s. 6d. 

USEFUL RULES AND TABLES : For Architects, Builders, 

Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c. With 
Appendix for the use of Rlkotkioal Engineers. By Professor 
Jamieson, M. Inst. O.E., M.I.E.E. Seventh Edition. 10s. 6d. 

A MECHANICAL TEXT -BOOK: A Practical and Simple 

Introduction to the Study of Mechanics. By Professor Rankine 
and E. F. Bambkk, C.E. With Numerous Illustrations. Thrown 
8vo, Cloth. Fifth Edition. 9s. 

77t« “ Mbchanio.vl Ticxt-Book '* waa damntd by Professor Bahkink a$ an Ihtbo- 
nncTlON Co t}ie above Seriea of Manuals, 


MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 
ture, Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Energy and its Triyisformations. Part III. Wave-Forms, 
Propulsion of Vessels, &o. With Memoir by Professor Tait, M.A. 
With tine Portrait on Steel, Plates, and Diagrams. Royal 8vo, 
Cloth. 3ls. 6d. 

No more enduring Memorial of Professor Rankine could be devised than the publica- 
4|Dn of these paners in an accessible form. . . . The Collection is most valuable on 

account of the nature of his discoveries, and the beauty and completeness of his analysis. '* 
—ArchiUci. 


iONDOK: UHA8i.ES GRIFFIN & GO.. LIMITED, EXETER STREET, STRAND- 
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O^^Ali^LES GH,IFFIN d: COJS PUBUCATiONS, 

Tllfri) Ei3rrioN, 'Thoroughly Fevhed and Enlarged. With 6o Plates and 
Numerous /lustrations. Handsome Cloth, y^s. 

HYDRAULIC POWER 

' ' <3ind ■ 

HYDRAULIC MACHINERY. 

1 BY 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FELLOW OF ^king's COLLEGE, LONDON; PROF. EMERITUS OF CIVIL KNGINKKKINS, 
king's COLLEGE, ETC., ETC. 

Con 1 KNT'. - DisLiiarqe Orifires.- Flow of Water lIirouKU J’ipcs — Accumulators. 

— Freshes anti Tafis. -Iloisis - Rams — HvontuliL Rngines — Pumping Rngines. — Capstans. 
— 'J'r.avcrsci.s. — Jat ks. — Weighing Mat hints — Riveters ami Slioji 'I'ools — Punching, 
Shearing, ami Flanqiiu: Machines. — Ciams. — Coal Distharqnig Machines — Diillsand 
Cullers. — PileDruers, F.ACav.itoi s, iRc - Hyilranln Al.ichineiy applied to I'rulgcs, Dock 
O.ates, Wheels .iml Turbines. — Shields.'- V'arions .Systems ami Power Jn.st illation.s — 
Meters, &c. - - Iniu- X. 

“Tlie stamlaul work on the .ipphcation of w.xter powci,”— Crt^jA’r'r Ma^ixztne, 


Secohd Edition., Greatly EtUanjvd. With FrotUis/fiect, several 
PlaU-H^ and oner 250 JUubtraliom. 2l.s-. net. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING' MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illustrations of Engines and Pumps applied to Minin^, 
Town Water Snppj.,Y, Drainage of Lands, &c., also Economy 
111 and Efficiency Trials of Pumping Machinery. 

By henry HAVEY, 

Member of the luRtitution of Civil Engineers, Member of the Institution of 
Mechanical EngiueorB, F G.S., &c. 

Contents — Early History of Pumping Engines — Steam Pumi:>iug Engineo-*::;, 
Pumps and Pump Valves — Gentiral Princi]des of Non-Rotative Pumping 
Engines — Tlie Cornish Engine, Himide and (Compound — Types of Miming 
Engines — Pit Work — Shaft SinJung — Hydraulic Transmission of Power in 
Mines — Electric. 'JVansmi.s.sion of Power — Valve (!ears of Pumping En^nnes 
— Water Pressure Pumping Engines — Water Works Engines -- Pumping 
Engine Economy and Trials of Pumping Machin.^j — Centrifugal and other 
Low-Lift Pumps — Hydraulic Rams, Pumping Mains, &c.— Index. 

“By the ‘one Eugllsh Engineer who probably knows more about Pumping Machinery 
than ANY OTHKIC ’ ... A VULDHK KROOKDINO THE RESULTS OF LONG EXFKRIENOR AK" 
STUDY. Kngimtr. 

“Undoubtedly THE best and most fraotioal trbatxsr on Pumping Machinery that has 
YET BEEN FUBLISHKD ,” — Mining Jou't’nal. 


lONDON: CHARLES GPIFFIN & CO.. LIMITED, EXETER SiREET. STRAHD 
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NA VA L A RGB T'l E^^TU HE. 


7 


Ill 1ja»‘'re ^vo. Haiulsome Cloth l'i'ohis|(iy 111 lustra t*(l. 
In Two Vomjm^s Kaoh Cunipl.^to^.'i i-sclf, and 


L^nipu 
45 »*li. Sei'AKAt^^i.y. 


rr h; £2 ]p £: s^i 


CONSTRUCTION OF. 'SHTPS. 

15y JOHN HA]!.VAlll> JH LES, M.Inst.1^. A., 

PrufoKHor ot Naval Architcctiin* ni (Glasgow lIinvoiHify. 

<’oNTENTs ol' VttLUMlc 1 Paict 1 ‘ (oiioi !il CoHsuleiutjoiis — Mflliods ol^Tietonniu- 
tioii of Ihc \ oliniic .Hid Cotilre ol Or.ivity of a known Solid - Ciiaplin’ llnli-s for 
iitesrrulion \ olunirs and Cfiitrc of (liuMly ol Volumes.-- I kdiiifation and Desenplivu 
li'oniotivof a Sliip's li’onn. l)es> nption and Instances of Slni»’s J''onu.s - Desenjition 
f Types oL Slops I'AliT II.- Calculation ol Disjdaecinent, Ontie of Pnoyaney and 
iieas.— Melaeeiitii's. Tinn < 'oeHieient.s ami Standai dising Kcsnlls of Slni) ( alenla- 
ions ■ Inst runienth Used to Deteniom' Aieas. iMonients, and Monienth ol Ineitni of 
Mane Curves Caigo ('.ijiaeities Kttecls on Jiian'iht, Turn, and Initial Staldlity duo 

0 flooding Com]iarlinents - 'lonnaue. I’leelKiaid - liaumdiing. A]>i)lie.ition of the 
riLetiiaidi to Shiji Calculations. -Stiaiinng due to I iiequal Longitudinal Distrihiition 

1 Weight and Jliiovanej — Consideration of Stresses in a (liidei.— Ajipheation of Stress 
'orninlie to llie Section ol a Ship Shearing Foices and Pending Moments on a Sliip 
niongst Waves — Stresses on the Stiueture when Inclined to the I'lnight or to the 
am ot Advance of the Waves. Disti ihuli .n of l*rcs.sure on the Keel Ploeks of a 
h sael in iMy Dock Consideration of Coir.jiiession in Ship Structure. 


BY PROFESSOR BILES. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 131 II lustrations. Price 6s. net 
See page 28. 


Royal 8uo, Handsome Cloth. With numerous Illustrations and Tables 25*. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REJiD, K.C.B., F.R.S., M.P., 

CHIG^ OF THB IMPKRlAL ORDKRS OF ST. STANILAUS OF RUSSIA ; FRANCIS JOSBPH OF 
AUSTRIA; MKDJIDIK OF TURKKY ; AND RISING SUN OF JAPAN; VICF- 
PRBSIDKNT OF THB INSTITUTION OF NAVAL ARCHITKCTS. 

Sir Edward Rkbd’s** Stability of Ships ’ is invaluablb. The Naval Architt^ 
w4H find brought togeUier and ready to his hand, a mass of information which he would oth^ 
wise have to se'*k in an almost endless variety of publications, and some of which he would 
possibly not be able ^ obtain at all elsewhere.” — Htean.ship. 

lOHOON : CHAf LE8 6 r1FF1N & CO.. LIMITED, EXETER STREET. 8TRAHD, 
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OHARLES GRIFFIN A OOJ8 PUBLICATIONS. 

W6HKS by THOMAS WALTON, 

NA’T^AL ARCHITECT. / , 

— — -- 

' Third Edition. Illustrated with Plates, Numerous Diagrams'" and 
^ Figures in the Text. i8s. ,net. 

. .STEED SHIPS; 

THEIB CONSTBITCTION AND MAINTENANCE. 

A Manual ]ur Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers, 

By THOM'AS WALTON, Naval Architect, 

AUTHOR OF " KNOW YOUR OWN SHIF.” 

Contents. — T. Manufacture t)f Cast Iron, Wrought Iron, and Steel. — Gom- 

S oaition of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of 
teel Ships. HI. Consideratifuis in making choice of Type of V essel. — Framing 
of Ships. IV. Strains experienced by Ships. — Metfiods Computing and 

Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Construction — 'Pypes of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — Rivets and Rivetting, Workmanshix). VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships. — Cement, Paint, &c.— Index. 

“ So thorouuh and weil written is every chapter in the book that it is diihonlt to select 
any of them as being worthy of exceptional pra'se. Altogether, the work is excellent, and 
will prove of great value to those for whom it is intended.”— T/ir Kngxnter. 


At Press. In Handsome Cloth. Very fully Illustrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships" Officers, and Engineers. 

},y ^ITOS. WALTON, 

Author of “Know Your Own .Shi]).” 

General Content.s. — Classification. —Materials used in vShipbuildmg. — 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stern Frames, Twin-Sci*evv Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &:c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c. — Index. 


Ninth Edition. IlluntratPiL Handnome. Cloth, Crown Svo. 78.6(1, 

The Chapters on Tonnage and Freeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Begulations on 
these subjects. * 

KNOW YOUR OWN SHIP.. 

By THOMAS WAI.TON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners^ 
Superintendents, Draughtsmen, Ei.^meers, and Others, 

Contents. — Displaceiuont und Deadweight. — Moments. — Buoyancy. — Strain. ~ 
Structure. -Stahdity — llolliiig. - Ballasting. — Loading. — Shifting Cargoes.— Effect of 
Admission of Water into Ship.- Trim Ttmnage. - ^’reehoard (Load-line). - Calculations. — 
Set of Calculations from Actual Drawings. — Index. 

“ The work ih of the iiighest value, and all who fro down to the sea iu Hhips should make them- 
selves acquainted with it." —.Shipjnng WorlU (on the new edition). 


LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET. STRAND. 
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NAUTICA. ^rOPuiS. 

GRIPPIN;S NAUTICAL Sp'RIES/ 

Editkd by ED W., BT^Ar^KMORE, 

^Master Mariner, First Clafis Iriulty Hoiweg,Certlfl'’ate, Assoc. Inst. N.A. 

• And Written, mainly, i.y Sailors lor SAiLgjjw. 


'This admirable series.”— FV tirpZaj/. • “A very usEFiit bERiES ' ^*af >rf.. 
“Every Ship should have the whole Series as a hEFKREfioE l4iSi..<RY. Hand- 
somely bound, clearly printed and ILLUSTRATED.” — Lioerpool J ou.m. of Vr -nmerce. 


The British Mercantile Marine : An Historical Sketch of its Rise 
and Development. I5y the Editor, Cait Blackmork. • U. Od. 

“Captain Blackmore a SPLENDID BOOK . . . contains p-aragrapha on every point 

of interest to the Merchant Marine. The 21:1 fiaKce of this book are THE MOST VALU- 
ABLE to the sea captain that have ever been compiled. " — Merchant Sefvice Review. 

Elementary Seamanship. By D Wh^son -Barker, Mastef Mariner, 
F.lt.S.E., F.R.O..S. With numerous IMates, two in Colours, and Frontispiece. 
Fourth Edition, Tlioronyhly Revised. With additional Illustrations. Os. 

“This ADMIRABLE MANUAL, by Capt. WILSON BARKER. Oi llie ‘Worcester,' seems 
to us PERFECTLY DESIGN ED.”- AthenORUm. 


Know Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, 'i'onnaRc, and tVeebourd of Hhips. By ThoS. Walton, Naval Architect. 
Ninth Edition. 78, fid 

“Mr. Walton’s hook will be found very uhekul.”— ' f’Ac Kngineer. 

Navigation : Theoretical and Practical. By D. Wibson-Barkek 

and William Alltngham. Sis<;oni> Ed. .ion. Revised. 3s. 6d. 

“Breoisely the kind of woik reijuired for the New’ Certiheates of competency. 
Candidates will find it invaluable.”- THinder Advertiser. 

Marine Meteorolog’v I b'or Officers of the Merchant Navy, By 
William Allinqham, Fu'at class Honours, Navigation, Science and Art Department. 
With Illustrations and Maps, and facsimil*’ rejiroduction of lof? page 78. 6d. 
“Quito the BEST publication on thit, subject."- Shippuuj Gazette. 


Latitude and Longritude : How to And them. By W. J. Millar, 

C.K. Second Edition, Revised. 2s. 

“ Cannot but prove iui ac<iuisiliou to those studying Navigation."- -Marine Enytiwer 


Practical Mechanics : Applied to the rei^uirements of the Sailor. 
By Thos Mackenzie, Master Mariner, F.JR.A.S. Second Edition, Revised. 3a. 6d. 
“ Well WORTH tht money , . . exceedingly helpful."— SAipptiiii WorOt. 

Trigonometry : For the Young Sailor, &c. By KiCH. C. Buck, of the 
Thames Nautical Training College, li.M.S. “ Wurcestor.” THIRD EDITION, Keviaed. 
Price 3s. fid. 

“This eminently practical and reliable volume Schoolmaster . 

Practical Algebra. By Rich. C. Buck. Companion Volume to the 

rfbove, for Sailors ami others, Sk<‘om» Edition, Kevised. Price 3 b. 6d. 

“ It is just the book for the young sailor mindful of progress.” — Nautical Magaaine. 


Th9 Legal Duties of Shipmasters. By Benedict Wm. Ginsburq, 

M.A., LL,T\, of the Inner Temple and Northern Circuit: Barrister-at-Law. SECOND 
Edition, Thoroughly Revised and Enlarged. Price 4 b. 6d. 

“ Invaluable to masters, . . . We can fully recommend it.” — l^ipping Gazette. 


^ Help for Shipmasters. Including First 

^ 1 ® n Johnson SMITH, F.R.C.S. ]^incipal Medical Officer, Seamen’s 

Hospital, Greenwich. Third Edition, Thoroughly Revised fis. 

SOUND, JUDidious, RB^ LY HELPFUL.”— rAc Lancet ' 


LONDON: CHARLfS Gf^lFFIN & CO., LIMITED, EXETER STREET, STRAND.* 
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CI^ARJ^ES GJikFFlN d: G0.*S PUBLICATIONS. 


* GRirFIN’8 NA’CTTICAL SERIES. 


Introdiictory Volume. Price Ss. 6d. 

^ T :e3: T1 

British Mercantile Marine. 

- EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATE OF 'J HR INSTITHTION OF NAVAL ARCHDHCTS; 

MEMBER OF IHii INSIITUTION OF ENGINEERS AND SHIFBUILDERS 
IN SCOTLAND; EDITOR OF GRIFFIN'S “NAUlICAI. SERIES 

General Contents. — H iSToitiCAL : From Early Times to 148G~ProOTeBB 
under Henry VIII.—To Death of Mary— During Elizabeth’s Deign — Up to 
the Reigii of William III. — The 18th and IDth Centmies — Institution of 
Examinations — Rise and Progress of Steam J*ropul.sion — Development of 
Free Trade— Shipping Legislation, 1862 to 1876 — “ bocksley Hall” Case— 
Shipmasterfl’ Societies- Loading of Ships — Shipiiing Legislation, 1884 to 1894 — 
Statistics of Ship]jmg. The Personnel : Shipowners — Officers— Mariners — 
Duties and Present Position. Education: A Seaman’s Education: what it 
should be — Present Means of Education — Hints. Discipline and Duty — 
Postscript — The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

“Iktbrestino and Insxbuctivk . . . may be read with profit and knjoymbnt.”- 
Olasgou) Herald. 

“Every branch of the subject is dealt vmth in a way which shows that the writer 
' knows the ropes' familiarly. “•.-iScofsman 

“This ADMiRABLK book . . . TERMS With useful information— Should be In the 
hands of every Sailor.’’— Horning News. 


Fourth Edition, Thorowjldy Revised. With Additioiial 
Illustrations. Price Ss. 

A IMIANXJAX^ OF 

ELEMENTARY SEAMANSHIP. 

1 

BY 

D. WILSON-BARKER, Master Mariner; F.R.S.Pl, F.R.G.S., &c., &o. 

YOUNGER BROTHER OP TUB TRINITY HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and lllustrationi 
in the Text. 

Genf.ral Contents. — The Building of a Ship; Parts of Hull, Masts, 
&c.--Ropes, Knots, Splicing, &c. — Gear, I^ead and I^og, &c. -- Rig^ng, 
Anchors — Sailmakmg — The Sails, &c - Handling of Boats under Sail — 
Signals and Signalling —Rule of the RoiUl — Keeping and Relieving Waljch — 
Points of Etiquette — Glossary of Sea Terms and Pl>’*~' es — Index. 

*,* The volume contains the new hulks of the road. 

“This ADMIRABLE MANUAL, by Oapt. Wilson-Baurek of the ‘Worcester,’ seems to ut 
raarBCTLY nKSiGNEU. and holds its place excellently in * Hriffin’s Nautical Series.’ . . . 
Although intended for those who are to become Officers of the Merchant Navy, it will is 
found useful by all yachtsmen.’’— A 

For complete List of Hriffin’s Nautical Series, see.p. 39. 


LONDON : CHARLES GRIFFIN * CO., LIMITED. EXETER STREET, STRAND. 



NADTIOAL (i 

qillFFIlg'S NAUflCAl SEBJlWs. 

SlipOND Edm'ion, Re^^sCAl and llPastrat ‘^ aI, Price Ss. 

A VIO^AXa 

PRACrriCAZ. AND ^HISOI^E'X'IC; a.D. 

Bi DAVID WILSON-BAKtliK, Ji.N.K., F.jS.kE., *c., &o., 

AND 

WILLIAM ALLLNGHAM, 

FIKST-ODAHS HONOURS, NAVIGATION, 60IF.N0R ANT> ART DEPARTMENT. 

TOItb ‘HumerouB 5Ilii0tcatlon0 ant> Bjamtnatlon <au^tion 5 . 

Genkbal Contents.— Definitions— Tiatitiide and Longitude— Instruments 
of Navigation — Cvorreotion of ('‘oiirses— Plane Sailing — 1’ruV(‘rse Sailing— Day’s 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chi^ — 
Mercator Sailing— Current Sailing — Position by Bearings — Great Circle Sailing 
— The Tides— Questions — Appendix : (Jompass Error — Numerous Useful Hints. 
&ic. — Index. 

“ Pbrciskly tho kind of work required for the New Certifloates of competency in j^iades 
from Second Mate to extra Master. , . . Candidates will find it in VAWJABLK.”— 2>«ndw 

Advertuer. 

“A OAPiTAL LiTTLK BOOK . . . Specially adapted to the New Examinations. The 

Authors are Oait 'Wii.son-Barkrr (Captain-S \ ‘^rintendeut of the Nautical College, H.M.8. 
‘ Worcester,’ who has iiad great expononco in the highest problems of Navigation), and 
Mb. Aixinghau, a well-known writer on the Science of Navigation and Nautical Astronomy.” 
•^Shipping World 


Jfandsome Cloth, Fnlhj Ilhisl^ulad. Prto' 7n. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 

By WILLIAM ALLINGHAM, 

Joint Author of “Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduetion of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS, 

IxeTRODUCTORY.— Instruments Used at Hea for Meteorological Purposes.— Meteoro- 
logical Log-Books.— Atmospheric Prosbiue.- Air I'empeiatuies.— Sea Temperatures. — 
Winds.— Wind Force Scales.— History of J.he L.aw' of Storms.— Hurricanes, Seasons, and 
Storn^ Tracks.— Solution of tho Cyclone Problem.— Oceau Currents. -Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— Hain, Snow, and Hail.— 
Mirage, Rainbows, (Jorouas, Halos, ami Meteors.— Lightning, CorjioBants, and Auroras.— 
Questions.— Appendix.— Index. 

“ Quito the bkst puhlioiiuon, and I’ertaiiily the most iatebkstiho, on this subject ever 
p^sented to Nfiutical mon. \ Shipping 'iasettt, 

*,* For Complete List o! GRTrriN’s Nautical Sebiks, see p. 39, 


tONOON: CHARLS8 GflfFIN & CO.. LIMITED. EXETER STREET, STRAND. 
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GRirriN>S NAUTICAL STgTtfRR 

SUOOND Bditioh, Revised. With.Numerons IllustratioDB. Price 3«. 6d. 

tactical Mechanics: 

Applied to the Heqiiirements of the Sailc”. 

*«B THOS. MACKENZIE, 

Afatlpr Mariner, F.R,A S. 

GBNBK.iL Contents. — Rosolution and Composition of Forces — Work done 
by Machines and Living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers — The Wheel and Axle: Windlass; Ship’s Capstan; 
Crab Winch — Tackles: the “Old Man” — The Inclined Plane; the Screw — 
The Centre of GraviW of a Ship and Cargo — Relative Strength of Kope : 
Steel Wire, Manilla, Hemn, Coir — Derricks and Shears- Calculation of the 
Cross-breffking Strain of Fir Spar — Centre of Flfort of Sails — Hydrostatics : 
the Diving-bell ; Stability of Floating Bodies ; the Ship’s Pump, &c. 

“ This EXCELLENT KOOK . . . contains a LARGE AMOUNT of information.” 
— Nature. 

“ Well WORTH the money . . . will be forind EXCEEDINGLY HELPFUL.” — 
Shipvhiff World. 

‘ J^o Ships’ Cffickhs’ bookcase will henceforth be comjdete without 
Captain Mackenzie’s ‘ Practical Mechanics.’ Notwitlistanuing my many 
years’ experience at sea, it has told me Juno mucJi more there is to acquire." — 
(Letter to the Publishers from a Master Mariner). 

“ I must express my thanks to you for the labour and care you have taken 
in ‘Practical Mechanic’s. ’ . . . It is a life’s experience. . . 
What an amount we frequentl 5 ^ see wa.sted by rigging purchases without reason 
and accidents to spars, &c., &c, ! ‘Prac’tical Mechanics’ would have all 
this.” — (Letter to the Autb(*r from another Master Mariner). 


WORKS BY RICHARD C. BUCK, 

of tlio Thames Nautical Traiulug (Jollege, U.M.S. ‘Worcester.’ 

A Manual of Trig^onometry : 

With Diagrams, Examples, and Exercises. Price 3s. 6d. 

'J’JLIRH Fdition, Revised and Corrected. 

Mr. Buck’s Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

“This KMINISNTLY PRACTICAI. and RKMABI.h, VOLVilK' —SctiOOlmaHtlT. 

A Manual of Algebra. 

Designed meet the Requirements of Sailors and othera.<^ 
Second Edition, Revised. Price 3s. 6d. 

Those elementary works on aixikbka af.d TuiaoNOMBTRv are written speoially for 
those who will have little opportunity of consulting a Teacher. They are boohs for ‘•'IjBi.r- 
HBLP.” All but the simplesi explanations have, therefor^ on avoided, and answers te 
the Exercisos are given. Any person may readily, by caretul study, become master of theL* 
contents, and thus lay the rouudation for a further niathematioal course, if desired. It is 
hoped that to the younger OfiBcers of our Mercantile Marine they will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the “Worcester. ” „ m 

“ Clearly arranged, and well got up. ... A flrst-rate Elementary Algebra. — 
Nautical Magatine. 

*<i*For complete List of Cbiffim’s Naotioal Srriks. see p. 89. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXE.TER STREET, STRAND.. 
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GRIFFIN’S NAUTICAT* S^IES. 

' ' — - ■' ' 

SisrpNi) KdttK/N, Thoroughly Revised aad Exit tided. In Ci’own*6^^. 

Handsome Cloth. ?rico 4s. '^d. r , 

THE LEGAL DUTIES DF SHlPpSTERS. 

BY 

BENEDICT WM. GTNSBUKG, M.A., L1..D. (OIhtab.), 

Of the Inner Temple and Northern Circuit ; ihifrisLer-at-Law, 

General Contents.— 'J'he Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— 'I'he Master’s Diity In respect of the Crew*: Engagement 
Apprentices; Discipline; Ihovisions, Accommodation, and Medical (Jomforts ; Payment 
of Wages and Discharge —1'ho Master's Duty in respect of the Passengers — lihe Master’s 
Financial Responsibilities — The Master’s Duty in respect of the Cargo — lue Master’s 
Duty in Case of Casualty — The Master’s Duty to certain Public Authorities — TTie 
Master’s Duty in relation to Pilots, Higiials, Flags, and Light Dnes— The Master's Duty 
upon Arrival at the Port of Discharge — Appendices relative to certain Legal Matters : 
Board of TIYado Coi-tilicates, Dietary Seales, HUnvage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Can-iage of (Jattle at Sea, 4toc., &c.- Copious Index. 

No intelligent Master should fail to add this to Ins IKst of necessary books. A few lines 
of It may save a lawh'B’s fee, besides endi.eek wouu\ "—Liverpool Journal of Commerce, 
“Semsibi.e, plainly wnltten, In ci.eau and non-tfchnical language, and will be found of 
Muon SERVICE by the SUlpmaater ” — lirtiisn Trade lievtetp. 


Second Edition, Revised. With Diagrams. Price 2b. 

Latitude and Longitude: 

to FindL tli.omi. 

By W. J. MILLAR, C.E., 

Late Seereiary to the Inst, of Engineers and Shipbuilders in Scotland. 


“ < ’ONOT8ELY and CLEARLY WRITTEN . . . cannot but prove an acquisition 
to those studying Navigation.”— Marine Engineer. 

“ Ytmng Seamen will lind it HAND! and USEFtiL, simple and clear.”— TAe 
Engineer. 


FIRST AID AT SEA. 

Third Edition, Revised. Witli (Coloured Plates and Numerous Illustra- 
tions, and comprisinsT the latest Regulations Respecting the Carriage 
of Medical Stores on Board fShip. l*riee Os. 

A. MEDICAL AHD SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, P.R.O.S., 

Principal Medical Officer, Seamen’s Hospital, Greenwich. 

The attontlon of all hiterestcd in our Merchant Navy is requested to this exceedingly 
useful and valnrhlo worli ft is needless to say that it is the outcome of many years 
PRACTICAL Kxri KiKECK amongst Seamen. 

“ Sound, judioioi^ really helpful ” — The Lancet 

*.* For Complete List of Griffin’s Nautical Sbbibs, Bee p. 39. 

•LONDON: CHARLES aWFFIN & 00.. LIMITED, EXETER STREET, STRAMU • 
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CKARf^ES ORTFFIN ds GO:S PUBLICATIONS. 


G&yFFIN^ itAutical series. 

Nr^lT Edition. Rtrhscd, Chap/rrs on Trcvij JJnot/anrff^ and Caictda- 
f Nt{ 7 ni 7vn<^ If/n;it7‘a(io'ns. IJaiuLonK. Glofh, Ci'ou'n 8co. Price 7s. Cd. 


KNOW YOUR OWN SHIP., 

• THOMAS WALTON, Naval Akchitkiit. 

Specially arranye ■ to suit the tequirements of Ships' Officers, Shipowners, 
^SuperiYitencienis, Draughtsmen, Engineers, and Others. 

This w«‘rl\ explains, in a simple manner, such imporl.iiiit subjects ns-— Displacement. — 
Deiulwcignt.— Tonuatre - I- rceboard —Moments — lliio\ ancy.— Nlniiii.- Structure.— Stab- 
ilm —llollmg.— Balh sting ^ Loading. — Shilting Cargoes - Admission of Water— Sail 

^**^“Thc little b\'ok AMil 1 h hminl i \< i:i niNi.i.A ii\M»\ l'.> mod, nlU- trs ami otliciiils coimcetcd 
with sluppiui.' >li Waltons A\<.ik will otit.iin ,-r<'< fcs,-. I.ce.iusc of iLs iitihiUf 

fttlie.sM torffeosi toi VAlmni it has ht en will cn II oild 


BY THB SAME AUTHOR. 

Steel Ships: Their CoDStmetion and Maintenance. 

(See page 38.) 


{Sixteenth ICdition, Thorongidy Jlcriscd. Large 8<;o, Cloth, 
pp. i-xxiv + 70S. With 280 Illustrations, reduced from 
Working JJraivings, a7id 8 Plates. 21.s*. net. 

A MANUAL OP 

MARINE ENGINEERING: 

COMPRISING THE DJ^SIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, M.LC.E., M.LMech.E., M.LN.A. 

Genehal Contents. — Part I. — Principles of Marine Propulsion. 
Part II. — Principle.s of Steam Engineering. Part HI.— Details of 
Marine Engines : Design and Cgtlculations for Cylinders, Pistons, Valves, 
Expansion Valves, S:c. Part IV.- Propellers. I^art V.— Boilers. 
Part -VI. — Miscellaneous. 

"‘The Student, Draughtsman, and Engineer • ^11 find this work the most valuable 
Handbook of Reference on the Marine Engine now in existence.”— Marine Entfineer. 


Ninth Edition, Thoroughly Revised. Pocket-Size, Leather. Ss. 6d. 

A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THE VISE OF 

Marine Engrineers, Naval Architects, ' rners, Draughtsmen 
Superintendents and Otners. 

By a. E. SEATON, M.I.O.E., M.LMech.E., M.I.N.A., 

AND 

H. M. ROUNTHWAITB, M.LMech.E., M.I.N.A. 

“ The best book of its kind, and tlic infonnation is both up-to-Aatc and reliable.”— 
Engi neer. *• 

. tBNDON: CHARLES GRIFFIN & CO., UMITEO, EXFTER STREET, STRAMa 
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J , Li !*t 

WORKS BY PR(^. ROBERT* H. SMTTh, 4ssoc,MJ,C.E„ 

M.IMech.E., M.I El U. M.IMJjuE., hl^ ^-b., M.Or(l.MeiJL 

c 

— ^ 

THE OALOULU,S KO? E^5GINEERS 
• AND PHtSIOISTa 

Applied to Technical Prool^ems. 

WITH EXTENSIVE 

OliASSlFIED BEFEBENCE LIST OF INTBGBALS. 

By PROF. ROBERT H. SMITH. * 

ASSISTED BY 

R. F. Mil I RHEA B, M.A., B.Sc., 

Formerly Olark Fellow of Glaagow Uuiversity, aud Lecturer on Mathematieti at 
Mason College 

/w Grown 8vo, extra^ with DlagramH and Folding- Plate. Ss. 6d. 

“ Paor. E. 11. Smith's b<M)k will be aervicoable in rendering a luml road as bast as practic- 
ABlk for the non-matbeniatical Student and Engineer "—Aihrna-'um 

“ Interesting diugraniB, witb practn'al illUBtratiotiB of actual occurrence, are to b<s found here 
In abundance Thr vbry coMPiRTB <’Lab8ifiei> KBFEBB^CK tabijj will prove very useful in 
saving the time of those who want an integral in a hurry.”— ITie Engineer. 


MEASUREMENT CONVERSIONS 

(English and French) : 

43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Conveksjon of Measurements 
in Different Units 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &o. 

For the use of Engineers. Surveyors, Architects, nnd Contractors. 

in 4t0t Boards, 78. 6d. « 

*,* Prof. Smith’s Conversion-Tables form the most unique and com- 
prehensive collection ever placed before the profession. By their nse much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
considered complete without them. 


Pocket Size, Leather Limp, with Hilt Edges aud Rounded Corners, printed on Special 
Thin Paper, with IllnstraitionH, pp. i-xii + 8'i4. ITicc iSs. net. 

(THE NEW » NYSTROM ”) 

THE MECHAMICAL EHGINEER’8 REFEREHCE BOOK 


A Handbook of TahleSy FominUv and Methods for Engineers y 
. Students and Dranghtmu'u. 

By henry HARRISON SUPLEE, B.Sc., M.E. 

“We feel sur^t will he of great service to inechanicul engineers.” — BTigineering. 


LONDON: CHffiLE§^RIFFIN & GO., LIMITED, EXETER STREET. STRAND, 
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% Second Edition. In Largo 8vo. Handsome ClotL 16 s! 

CHEMISTRY FOR ENGINEERS, 

M . f BY * 

. BI;RTRAM BLOUNT, AND A. G. BLOXAM, ' 
ki.c., F.o.s., 'A.t.c e. ^ f.lc., p.o.h. 

GENERAL CONTENTS.— Introduction— Chemistry of the Chief Materfcls 
of Constractlf n — Scrirces of Energy — Chemistry of Steam-raising — Chemls- * 
try of Luhrlcifclon /und Lubricants — Metallurgical Processes used in the 
Winning and Man^i. \cture of Metals. 

“The an&ors have bdcceudkd beyond all expectation, and have produced a work which 
should ffive fresh fowkr to Etmineer and Manufacturer.*’— TVte Time% 


By the samci, Authors, “Ciikmistky for A1 ANUi^ArTURERS,” see p. 71. 


THE ELEMENTS OF CHEMICAL ENGINEERING. By 

J. Grossman'N, M.A., Ph.I)., F.LC. a Preface by Sir 

William Ramsay, Iv.C.B., F.R.S. In llamlsome Cloth. With 
nearly 50 Illustrations. .^Is. Od. net. [See page 70. 


At Press. In Demy Quarto. With Diagrams and Worked Problems. 
2s. 6d. net. 

PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By Lieut. -C oi.. THOMAS KNCiLlSlf, Late Royal Kngineers. 


Works by WALTER R. BROWNE, M.A., M.Inst.C.E. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion* 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

“ Clear In style and practical in method, ‘The Student's Mechanics’ is cordially to ba 
rei ommended from all points of view.” — Atfutupum. 


FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer, In Crown 8vo, is. 

Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prof. FRANZ SCHWACKHOfER of Vienna, and 
WALTER R. BROWNE, M.A., C.^). 

General CONT^Ts. — Heat and Combustion — Fuel, Varieties of-*- Firing .Arranceaicnts** 
Fuma«j Chimney — T^e Boiler, Choice of -- Varieties — Feed-water Heaters—^ 

Steam Pipes— Water : Composition, Purification — Prevention of Scale, &c,j^&c. 

“ The Section on Heat is one of th e best and most lucid ever writ t en.”— 

W.NDON : CHARLES GRIEFIN & CO., LIMITED, EXETf IJ STREET, STRANDl 
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EARLES GRIFFIN Cu.'H BpULICATiGNS. 

^ • ^ — 

, CKIFFIN’8 IQffAl COVEfcNMEaiT HANDBOOKij. 

WOJaKS SUTTAHLE I^JR Ariiyi(;iPAL?^ND CO'^NTY ENaiNRERP, ' 

• ANALVSTH, ANJ) OTHEllS 

Shu also Davies’ Iliigiene, j). 1)5), an«i A ►acL*(al’t ValcxfiattonH, p. IJO O' noial « '’''’.:iI<jjauc, 

Gas Manufacture (The Chemistry of). A HaralbooV. o) iho i ro- 

fluntion, PunHcnti(m, ami Testiiiu <>1 llliimii'ating (Jus, aiKtTV.he .assay of i^ye-Pro- 
ducts. Jiy W .1. \. liUTTKKFJELP, M.A., K.I.C., F.O.S. Will .Xlnstrations. KouKTH 
Edition, Rcvisod Yol 1., Ts ()•! not \'ol. II., j)i /ov'pambo/i.. [See page 77. 

Water Supply : A Practical Treati.sc on the Sel^cti. * of Sources and the 

Distribution of Water, by 11ECINAT,1» E MIDDLETON, M.Inst (' K., M.Tnst.^lech.E., 
F.S.I. tVith Niuiierous Pliiles and Diugruni*- Crown bvo. ss. tWl. net. [See page 77. 

Central Electrical Stations: Tlieir Di^si^u, Organisation, and Manage- 
ment ByC. U. WoiiDiNuiiAM, A KC.,M.l f.E. second Edition. 24s. n*^t. [Si-ep. 48. 

Electricity Control. l>v Lkonakd anokiows, A.M.lnst.ClE., M.I.E. E. 

12.S. t;d, net ‘ |Seep»j;c48. 

Electricity Meters. i’»v IIenjiv (b Solomon, A.M.lnst.E. E. His. 

net. ' |Seepage45). 

Trades* Waste : its Treatment and Utilisation, with Special Reference 
to the Prevuntion of Riveis' Polintion. Dj W. NAV'Lou, F , A.M.lnst.C.E. 
With Numerous Plates, Dnigrams, and Illustrations 218. net [Sec page 70. 

Calcareous Cements : Their Nature, Pn paration, and Uses. With 

some Remarks upon Cement Testing. By GILBERT Rkdqrave, Assoc. Inst.C’.E., 
and Chas 8i>ackman% F.C.S. With Illustrations, Analytical Data, and Appendices 
on Costs, &c. J.'iH. net. page 70. 

Road Making and Maintenance : A Practical Troatisc for lOngmeerB, 

Surveyors, and others With an Historical Sketch of Ancient and Modern Piaelico. 
By Tuomas AITKEN, Assoc. M.Inst.C.E , M. Assoc. Municipal and County Kngrs.; 
M. San. liifat. Second El) Tio.N, Revised. Fully Illustrated. |Soepage79 

Light Railways at Home and Abroad. P>y Wiliaam Hjinry Colk, 

M.Inst.C.E., late Dejiuty Manager, North-W • stern Railway, India, l-iirge 8vo, 
Huiidsonie (Jloth, Plates and Illustrations. 10s. [See page 30. 

Practical Sanitation : A Handbook tor Sanitary Inspectors and others 
interested in Sanitation. I»y Geo. Reid, M.D , D.P If., Aledieal OlHcer, Stalfordsliire 
(5onntv Council. With Appendix (re-wiittcn) on Sanitary Law, by Herheil Manley, 
M.A , M.B., D.P.ll., It.iriister at-La-n THIRTEENTH EDITION, Ihoronghly Revised, 
(is. li^ce page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 

Sewage and Refuse Disposal. By FUANCIS Wood, A.M.lnst.C.E., f'’.(J S."* SE(’ONl> 
Edition, Rex ised. Fully Illustrated. 8s.0d.net. [See imgu 78, 

Dairy Chemistry: A Practical Handbook for Dairy Managers, ClieinistB, 
and Analysts By IT. Drooe Richmond, F.I.C., Chemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, Ate. Hamlsome Cloth, lOs. [See page 73. 

Dairy Analysis: The Laboratory Book of. By H. Droop PvIOHmom), 
F.l.C. Fully 11 lustra tell, t^oth. 2b. Od. net. l^^ec page 73. 

Milt : Its Production and Uses. With Chapters on Dairy Fanning, 

I'he Diseases of Cattle, and on the Hygiene and Control ot Supplies. By Edward F . 
^WiLLoUGHny, M.D. (Loud ), D.P.ll: (Loud, and (;amb.), Gs. net. [See jiage 73. 

Flesh Foods: With Methods for tlioir Chemical, MicroBcopical, and 
Bacteriological Exaniinati^rti. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. AiNswoRTfi Mitchell B.A., F.I.C., Mem. Council Hoc. of Public 
Analysts. With mn-j,ieioU8 IHusti’atioiis and a coloured Plato. 10s. Gd. [Sec page 74. 

#OOdS : Th(jir Camposition and Analysis. By A. Wynter Blvth, 
M.R.O.S., F.C.S., Public Analyst for the County of Devon, and M. W Blyth, 
B.A., JJ.HO. -With Tables, Folding Plate, and Frontispiece. Fifth EditI()N, 
Tlioroiighl y Revised. 21s. 

. lONDON : CHARCES GftlFFIN tt CO.. LIMITED. EXETER STREET, STRANa- 
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' ELEjPTRICAL ENGINEERING. 

Sf.^ond Edition, Revised. In Ltirge %vo. Handsome Cloth. 

• ^ * Illustrated with Plates Diagrams^ anct Figures. 245. net. 

CEHTRAt ELECTRICAL STAT10H8:. 

Their "Dei^grn, Organisation, and Management. 

BvCHASi H. WSkDINGHAM, A.K.C., M.lNsr.C.E., M.Inst.Mkch.E., 

Late Menib. of Council Inst.E.E., aud Electnc.d Engineer to the City of Manchester . 
Elecllical Enguieer-in-Chief to the Admiralty. 


ABRIDGED CONTENTS. 

Introductory. -•-Central Station Work as a Profession — Aa an Investment — 'I'he E.stab- 
li.shment of a Central Station —Systems of Supply. — Site. — Architecture — Plant. — I’oilers — 
Systems oteDraught and Waste Heat Economy — Coal Handling, Weighing, and Storing - 
The Transmission of Steam. — Generators — Condensing Appliances — Switching Gear 
Instruments, and Connections. — Distributing M.'iins — Insulation, Resistance, and Cost — 
Distributing Networks — Service Mains and Feedeis — Testing Mains. — Meters and 
Appliances. — Standardising .and Testing Laboratory - Secondary iJattcnes,— Street Light- 
ing. — Cost. — General Org.anisatum — Mains Department — Installation Department. — 
Standardising Department -- Drawing Office — Clerical Department — The Consumer — 
Routine and Main Laying — Iniikx 

"One of the most vai.uahi.r con rRiiiUTloNs to Central Station literature we have had 
for some \\.n\c."—Eleittii.ity. 


In Latge 8vo. Handsome Clotli. rrofusely Illubtrated. I 2 .s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Electric Switchgear and Systems of Electric Transmission. 
By LEONARD ANDREWS, 

Asso«iatc Mcmhci of the Institiaio-^i of t'ud Engiu*:cr.s, Member of tlie Insiitulion of 
Electrical Engineers, ii.c 

General Principles of .Switchgear Deesign. —Constructional Details - Circuit I’.reaker^ or 
Arc Interrupting Devices.— Autom.iticaliy Operated Circuit- breakers.— Alternating Reverse 
Current Devices. — Arrangement of ’Ihi.s Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Appaiatus for Iligh Tension Systems. - General 
Arrangement of Controlling Apparatus for Low 'I'ension Systems — Examples of Complete 
Installations —Long Distance Transmi.s.sion Schemes. 

“Not often docs the specialist have presented to him .so satisf.iclory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interest*. 1 iu the subject.”— f’<77t<rr. 


Eighteenth Edition. Leather, Rocket Size. 8.s. 6d. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., r.R.S.B. 

GENERAL CONTENTS. 

Units of Mea.surement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cable.s. — Telegraphy. — Electro-Chemistry. — Electro-Metallurgy.^Batterie.s. — Dynamos and 
Motors. — Transformers. — Electric Lighting. — Miscellaneous. — Logarithnr. — ApiiencUc^.^ 

" WoNDERRULLV Pbrekct. . . . Worthy of the highest commendaUon we can * 

give it." —Electrician. • 

, LONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 
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^ In Larg-? ffvo. Profusely IllustraV '• '^s net. 

WIRELESS TELEGRAPHY., 

. By GUSTAVC EIUHl^OKI., Vh.D. 

4^ * I 

CoNTicNTS. — OHcillations, — Closc<l Oscillathni SysteirS. — Ofiiyn '^^ciliation 
Systems. — Coupled Systems. — The Coupling (Jompensatiiiw the*Aenit Wire. — 
The Receiver. -l%)inj)arative Measurement in the Sender. J^^’lieoreticai Results 
and ( ’aleul.'itions m res])ect of Sender and Receiver. — (UoselydJtmfded Sender 
and Receiver. — Roo.si*- Coupled Semh‘r ;ui<l iJeeeivi^-. — ' 'rinci])al h\)rmul:e. 
The Ondanieter. — Workiuif a Wirele.ss 'I’ele^u-aph Station. Modern Apparatus 
and Methods of Working — Conclusion. Biblio-^raphy. lNl>KX. , 

“Well wiiLlen . . . ninl eonilnnes vviLli a deal of (leM(“ri]iiion a careful 

investigation of the tundamei»tal theoieti<‘al |>heiionieiia.’’ Sa'urr. 


Large Svo, Handsome (^loth, with oHd Pages and oOT illustrations. 

IGs. net. 

ELECTRICITY METERS. 

]?Y HENltY (i. SOLOMON. A.M.Inst.K.K. 

CONTivN rs. — Introductory. — Gtmeral Principles of Continuous - (Jurrent 
Meters. — C<»ntiuuous-Current (..in.antit , Meters. -Continuous-Energy Motor 
Meters.— Different Types. — S])ecial Pnrj)oseH, i e. . Battery M eters, Switohb«>ard 
Meters, Tramcar M(‘ters.— (General I*rincipli‘s of Single- and Polyphase Imlnc- 
tioii Meters. — Single -phase induction Meters. — Polyphase Meters. — Tariff 
^sterns. — Prepayment Meters. — Tariff and Hour Meters, — Some Mechanical 
Features in Meter Design. — Testing Meters. — I ndtcx. 

“ An earnest and suceossful attempt to deal coiiioreht-nsively with modoTu methods of 
nieasuriug current or power lu oleotrieal iiibtallations."— A'w^irtcertngr. • 

“ Trustworthy Inforniatiou. . . . Wo can coutld''ntl.y recommend the hook to every 
eleotnc il vngmoev." — Electricity. 


Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

OarFFIN’S ELECTRIOAli PEICE-BOOE : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

“The Ei-ectricac Prick-Book removes all mystery about the cost of Electrical 
Power. By its aid the expense that will be entailed by utilising electricity on a large or 
small scale can be discovered.” — Architect. 


EL'eCTRIC smelting and refining. By Dr. W. Borcheus 

and. W. G. McMiLhA^N. SjSCONo Edition, Revised and Enlarged. 
• 218. net. [See page 67. 

ELECTRO -METALLURGY, A {Treatise on. By Walter G. 
McMillan, F.I.C., F.C.S. Wboond Edition, Revised and in 
Part Re-Writtcn. 10s. 6d. [See page 07. 

Electrical practice in collieries. By d. burns, m.e., 

M.lnst.M^E. Sboond Edition, Revised and greatly Enlarged. 
7s. (id. not. , [See page 56. 
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CHJ.RiJsS QRIRFIN (J0:S PUBLICATIONS. 


PBOFESSOBS J. H. POINTING & J. J. THOMSON. 

In Five Volumes. Lar^e 8vo. Sold Separately. •• 

A TEXT-BQOK QF PHYSICS. 

r SiY 

J. H. ^OYtoNG, J. J. THOMSON, 

8C.D., r.u;., and m.a., f.r. 8., 

Lftte Fellow of Trinity lAljleKe, C'limbridRe ; Fellow of Trinity Oollogo, Oambridge; Prof. 

Professor of Physica, Binuiugham of Kxi>erlnuiutal Phyaicsin the University 

UiiiverHity. ^ of OambrldKe. 

iNTRODtrcTORY VOLUME. FouKTH EDITION, Revised. Fully Illustrated. 

lOs. ()d. 

PROPERrriES OP MATTER. 

OoKTKNi's. — GravUiition — Tbo Aceeleration of Gravity. — l^l^lRtlci15^ — StroRsos and 
Slrams. — Torsion — Bending ot Hods — Spiral Springs — (.'ollisjon. — Comprossibility of 
Liquids — Pressures and Volumes of Gases. — Tliernial Kffeets Aceompanying Strain. — 
Capillarity. — Surtace 'I'ension. — Ijuplaoe’s Theory of Capillarity — Diffusion of Liquids — 
Diffusion of Gn SOS - Viscosity of Liqnid.s.—lKnKX. 

‘‘ Sl.udents of jilivaic-s cannot f.iil to deine benefit from the book.’’— JC/io»('b'd(y«. 

“We regard tliKs book as quite indispensable not merely to teachers but to iiUyslcists of every 
radc above the lowest."— f OaetTs-if}/ Von CHpomlaU. 


Volume II. Fourth Edition. Fully Illustrated. Price 8s. 6d 

SOUND. 

Contents. — The Nature of Sound audits chief Characteriatics. — The i^olocity of Sound 
In Air and other Media.-— Re fli ci ion and ttifraction of Sound — Frequency and Pitoli of 
Notes,— lieaonance and Forced Oscillations - Analysis of Vibiations. — The 'rransverse 
Vibrations of Stretched Strings or y; iron - Pipes and other Air Cavities.— Rods — Plates 
—Membranes.— Vibrations maintatnod by Heat.— Sensitive Flames and .lets.— Musical 
Sand. — The Superposition of Waves.— Ini*' x. 

“The work . . . may be recomraendod to anyone desirous of possessing an east 
CP-TO-DATE Stakdaup 'Preatise Oil Acousttos AUfrafure. 

“Very clearly wriitcn . . The names of the authors are a guarantee of the 
soiBKTTFio ACCURACY and iTP-To iMTK CHARACTER ot the work.’’— AWM(‘rtfto«a/ Ttmes. 


Volume III. Second Edition, Revised. Fully Illustrated. Price 15s. 

H[ E JL T. 

Contents. — Tcm]jeraturc. — Exp.ansion of Solids — Liquids. — Ga.se.s. -- (hrc nlatiou 
and Convection.— Qnuiitily of Heat; Specific Heat. — Condnetivity.— Forms of Energy; 
Conservation ; Alechanical Equivalent of Heat. — The Kinetic Theory —Change of State; 
Liquid Vapour. - (Jritieal Points — Solids and Lhiuids. — Atuiosplierie Coiidition.s.— 
Radiation — Theory of Exchanges.— R,adiation ami 'J'eniperature. — 'J'liennodynainics.— 
Isothermal and Adiabatic Changes.- ’ThermotJynamirs of Cliangcs of State, and Solu- 
tions. —Thermodynamics of Radiation. — INDEX 

Well up-to-date, and extremely clear and exact throughout. ... As elea^ as 
it would he pohbible to make such a text-book.’’ — Jiature, 

Remaining Volumes in^ Preparation — 

LIGHT; MAGNETISM AND ELECTBICITy. 


THE MEAN DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was adjudged in ISlKi in the Thiivcrsity of CfVhihridgc By .f. II 
POYNTJNG, Sc.l)., F.R.S., Late Fellow' of Trinity College, (’uml)rld£,e; Professor ctf 
Physics, Bii-mingham Hniversity. In Large Svo, with Hi bliiigrnphy, Illustrations in 
the 'Text, and Seven Lithogj-aphed Plates, las. (kl. < 

“(.'annoifail to he of great and general intkrent.’ - Athrorntm. 

bONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND. , 



Grifliii’s Geological, Prosi^joting, ^Mining, and 


* Metallurirical. PublioatSohs, « 

t .« * PAc,*: 

Geolcgy^ Stratig^raphleal, Ethekidge, f.R.8., . 52 

,, • Practical Aids, Peop. Orj-nvili^ Oole, " t ^62 

,, Open Air Studies, . ^ ^ . 'b6 

« Mining Geolog’y, . J^mes Park, . * 56 

Prospecting for Minerals, S. Herbert Cci, A.!R.o.M., . 53 

Food Supply, . Robt. Bruce, . . 53 

Ore and Stone Mining, . Sir 0. Le Neve Foster, . 54 

Elements of Mining, „ • „ .54 

Coal Mining, . H. W. Hughes, F.G.S., . , 55 

Practical Coal Mining,- G. L. Kerr, M.lnsl.M.E., . 55 

Elementary „ „ „ • . 55 

Elect. Colliery Practice, I>. Burns, .... 56 

Mine-Surveying, Bennett H. Brough, A.R.S.M., 56 

Mine Air, Investigation of, Foster and Haldane, . 54 

Mining Law, . . . C. J. Alford, ... 57 

Blasting and Explosives, O. Guttmann, A.M.I.C.E., . 68 

Testing Explosives, - i>iciiel and Larsen, . . 58 

Shaft Sinking, . . . J. Pvie.mer, .... 58 

Mine Accounts,. Prop. J. G. Lawn, . . 57 

Mining Engineers’ Pkt.-Bk„ K. R. Field, M.lnst.M.M., . 57 

Petroleum, .... *^ 11 ^ Bo . krton Redwood, . 61 

A Handbook on Petroleum, Thomson and Redwood, . 61 


Oil Fuel, .... 
Mineral Oil Testing, 
Metallurgical Analysis, 
Microscopic Analysis, 
Metallurgy (General) , 

„ (Elementary), 
Getting Gold, . 

Cyanide Process, 
Cyaniding, 

Electric Smelting, . 

• Electro-Metallurgy, 
Assaying, 

Metallurgical Analysis, 
Metallurgy (Introduction to). 
Gold, Metallurgy of. 

Lead and Silver, „ 

. Iron, Metallurgy of. 

Steel, 

GSneral Foundry Practice, 
Iron-Founding, • 

Precious Stones, • • 


Sidney 11. North, 

J. liiCKS, . . . , . 

M ACL KOI) AND WaLKEH, 

F. Osmond tiz; J. E. Stead, F.R.^ 
Phillips and Bauerman, 
Prof. Humboldt Sexton, 

J. C. F. Johnson, F.G.S., 
James Park, F.G.S., .• 

Julian and Smart, 

Borchers and M'Millan, . 
W. G. McMillan, F.I C., . 
J. J. & C. Bbringer, . 

J. J. Morgan, F.C.S., . 

Sir W. Robkrts-Austen, K.O.l 
Dr. Kibke Rose, A.R.S.M., 
H. F. OoLLiNS, A.R.S.M., 
Thos. Turner, A.R.S.M., 

F. W. Harbord, . 
M^'William and Longmuib, 
Prof. Turner, 

Dr. Max Bauer, 
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DeTYvy 8vo, Ban^ysome cloth, SJfs. 


SteatigrapMcal ‘Geology & ■PSilseontolo& 

' u OJf i'BE BASIS OF PHILLIPS. 

By ROBjERT'ETHEkiDGE, F. R. S., 

OK VHB ™. 

^ GEOLOGICAL SOCIETY, BTC. 

WithtjASap^*" 1!lumerou0 ^ablcCf an& TTblrti^tfgfX plates* 

‘‘ No such compendium of gm. logical knowledge has ever been brought together before.”— 
WestMtnster Kevtew^ 

remarkable for its originality and the breadth of its views, 
Mr. Etheridgk fully justifies the assertion made in his preface that his book differs in con- 


illy ^ 

struction and detail from any known manual. 
OK REFKRKNC#.”—yi/A^ «<?>«#« 


Must take high rank AtitoNG works 


IN 

PRACTICAL GEOLOGY: 

W'lTH A SECTION ON PALEONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fifth Edition, 'I'horou^^hly Revised. With Frontispiece and 
Illustrations. Cloth. los. 6d. 
aENERAL CONTENTS.— 

PART I.— Sampling of thb Earth’s Crust. 

PA»RT II. — Examination of Minerals. 

PART III.— Examination of Rocks. 

PART IV.— Examin^^tion of Fossils. 

“DE.SERV-NG OK THE HIGHEST PRAISE. Here indeed are ‘Aids’ innumkrablb and 

INVALUAPLB. All the directions are given with the utmost clearaess and precision.’* 

A thenceum. 

“That the work deserves its title, that it is full of ‘Aids/ and in the highest degree 
‘ practical/ will be the verdict of all who use it." — Nature. 


OPJSN-AIR STUDIES IJNT OEOI-iOGY : 

An Introduction to Ceologry Out-of-doors. 

By'’PROFESSOK CiRENVlLl.h COT.E, M.R.I.A., F.G.S. 

For details, sec Griflui’s Introductory .Scicnte Sn ies, p. Si; 


Cro7un 8z/<7. Handsome Cloth, zs. 6d. 

RESEARCHES ON THE PAST AND PRESENT HISTORY 

OF • 

THE EARTH^S ATMOSPHERE. 

Including the latest Discoveries and their Practical Applications. 

By DR. THOMAS LAMB PHIPSON. 

Part I. — Tlie Eartli’s Atmosiihcre in Remote Geological Periods. 

Part II. — The Atmosphere of our present period. Appendic 4 -s ; Index. 

“nie book should prove of interest to general readers, as well as to meteorologists and 
ither -students of science.” — Nature. •> 

lONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER 8TRCET, 8TRAHD. 
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PROSPEOTINO ANj> npLONISA^JtiOIT,^ 5 


GBirFiy;s new la nd series > 

^i^ctical lland-Booh^ for tlw 1/8% oj V '082>ector8^ Explp'ysrs^ 
Settlersy Colonists^ mid alt J tde.i esU^d iu ope'nina 
up and Devel^nne'n^t of New LaTid^. 

Edited jjy (UiENVlLLE A. J. COliE, M. K,t.A., J?.x <S., 

Profeaso** of Ideology m the Royal College of Science for Irulii^U, anfl Exam ner in 
the ('iiivc*Bity of Loiulon. 


Jii Cntwn S«o. Handsome iJicth,. ',s. 

With Numerous Maps Speciaihf Dranm and Executed for this Work. 

NEW LANDS: 

THEIB RESOURCES AND PROSPECTIVE 
ADVANTAGES. 

By HUGH BOBEHT MILL, J).Sc., LLD., Rll.S.E., 

"■ \ want, admirably supplied. . . Has the advantage of boiug written by a pro- 
feaacd (l60graphei.”--Grwgca/i/ttc«Z ./ournal 


With many Engravmi,'s and Photographn. Handsome Cloth, 4s.. Gd. 

B^OOD STJPHLY. 

By ROBERT BRTTOE, 

Agricultural Superintendent to the Royal Dublin Society. 

With Appendix on Preserved Foods by C. A. Mitchell, B.A., F.1,0. 

“'I'hc work i.s one which will aiipcal to those Intending to become farmers at borne 
or in the Colonics, and wdio desire to obtain a general idea of the true principles ol 
farming in ALL its BKANOHES." -Journal of the Jioiiai Colonial Inst. 


Fduutii Edition, Revised. With lUuslratious. Haiuhome Cloth^ Ss, 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, *'and all 
interested in the Opening up and Development of New Lands. 

r>Y ,S. HERBERT COX, Assoc.R.H.M., M.IriRt.M.M., E.CJ.S., 

Professor of Mining at the Royal Sctiool of Mines. 

General Contents. — Introduction and Hints on Geology — The Botermina- 
tifti of Minerals ; Use of the Blow-piiie, &c. — Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value ; Rock Salt, Borax, Marbles, Litho- 
graphic Stone, Quartz and Opal, &g., &c. — Precious Stones and Geras — Stratified 
DbliOBits; Coal and Ores— Mineral Veins and Lodes — Irregular Dexxmits — 
D^amics of Lodes : Faults, &c. — Alluvial Beijosits — Noble Metals : Irold, 
Platinum, Silver, &c. — Leew — Mercury- Copiier — Tin — Zinc — Iron — Nickel, 
&c. — Sulphur, Antimony, Arsenic, &c — Combustible Minerals—Petroleum — 
General Hints or Piospecting — Glossary — Index. 

* “ This. ADMxRABLK ’lITTLH WORK . . . written with SCIENTIFIC ACCURACY In a 

CLEAR and Luolb style, ... An important addition to technical literature . . . 

—JUtninff Joumttbl. 


lONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND 
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% WOie/ 3 iCS BY 

SIR CLEiyfENT LG NEV^E FOSTER^ D.Se., F.R.S^ 

«. , — - - » 

Sixth Edition.^ With Frontispiece and 716 Illustrations. Price 34s. 

ORE & STONE MININQ 

bv SIIR 6 . LE NEVE FOSTER, D.Sc., F.R.S., 

LATH HTOFHSSOR OK MINING. ROYAL COLLEGE OK SCIENCE. 

, Rkvi-sej), and HiioiJGirr ui'-ioda'IR 

By BKNNETTcH. BROUGH, KG.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Occurrence of Minerals.— ProspeclinK.— Boring 
—Breaking Ground.- Supporting Excavations.- Exploitation.- Haulage 0 
Transport.*“-Holsting or Winding. - Drainage. - Ventilation. — Lighting.— 
Descent and Ascent.— Dressing— Principles of Employment of Mining Labour. 
— Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.- Index. 

“ \\ e have seldom luul tlio jdeasure lo review a work .s<i Uioronyli and complete as 
the present one lioth in manner and in matter it is far sui'KRIor to ANYTUINQ on 
IT.S Sl'EOlAL StJJJEOT UITIIKRTO IMJItLIMIHn IN ENGI. \N l>. ‘ - Athi'tuvnm. 

“ jSoL onl> IS this work tlie ackiniwled^ed te\td>ook on met.al inininK in (Ireat Mrituin 
aud tlic Colonies, hut that it is so lejiardod in tlie Tiiited States of America is evidenced 
by the tact that it is the l»ook on that .‘subject rt'eonimcndcd to the students m most of 
the niininj' selioolh ot that country,” Tin‘ Thtwst 


In Crown 8vo. Handsome Cloth With nearly .*10(1 llluMtrations, many of 
tliein buinyi’full paj^e reproductions of views of j^acat. interest. Price 7s. (id. net. 

THE ELEMENTS OF MININC AND QUARRYING. 

An Introductory Text,^Book for Mining Students. 

By a LE N K VK FOSTER, D.Sc.. F.R.S., 

Professol of Minins? at the lloynl Colle;?e of .Science, London, with which is Incorporated 
the Royal School of Mines ; late.ly one of II. M. Inspectors of Mines. 

Gknekai. Contp:nt.s. — iNTiioinu’TiON. — Oecurreiice of Minerals. - ih-o- 
spectin^^— Poring. — lireaking Ground.— Sui>i)orting K^ca^ atioiis. — Kxnloita- 
tiou — Ifiinlage or Transpiut — Hoi.sting or Wjiidmg.— Drainaj^e. — Ventilation. 
— Lij^hting. — Descent and Ascent -J>ressiijg, &c.— T n’DR-N. 

" A remaikahly ( lear .survey of the whtde held of mininu operations.” ?J»gineer. 

“ Iliirelyw’oes it fall to tlie lot <jf a revunvei to h.ave to accord such uiKiualitied prui.so a.s 
this l)ook deserves. . . . The piofession j'enerall> liave eveiy n*ason to be grateful to 

.Sir (J. Le Me\e Foster for li.aving enriched ediuatioiial literetnrc with so admirable an 
elementary 'I'ext-book.”- Mmnu) Journal 


In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR : 

An Account by Several Authors of the Nafure, Significance, and Practical 
Methods of Measurement of the irripurities met with in the 
Air of Ooliieries and Metalliferous Mines. 

EDITED 15 Y 

Sir clement LIO NEVE FOSTER, D.Sc., F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

“ Wc know of nothing e.ssential that has Ijeeii omitted. The book id liberally supplied 
with'illustrations of apparatus .” — Colliery Guardian. % 


LONDON : CHARLES GRIFFIN « CO.. LIMITED, EXETER STREET, STRAND- 
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WORKS ON CQAL-IVli NlNq. 


Edition, Revised <ind Greatl>* Eularged. With 4 Plates |ind 
« 670 Illustrations. Price 24s. ^let. ^ ’ 

A TEXT-BOOK OF . COAL-lVllNIN'G : 

• FOR THE USE OF COLLIERY MANAGERS ANlX OTHjERS * 
ENGAGED IN COAL-MINING, \ ' 

By HERBERT WILLIAM HUGHES, it\G.S., 

Assoc. Royal Hchool ol Mhios, Oeneral Maiiajror of Samlwoll 1* ok CoHifi v. 

General Gonteinth. — Geology. — Search for Coal. — Breaking Ground. — 
Sinking. — Preliminary 0])crations. Methods of Working i- Haulage. — 
Wind-ing. —Pumping. — Ventilation. — lighting. — Works at Surface. —Pre- 
paration of t'Oal for Market — Index. <» 


“Quito TIIK iiK.sT iiooK of it* kuul . . . :is rRA.(Tl('\t. Ill aim .ih a book c ui bo . . . The 

illuatiiitiona arc K\CJii.iiK.NT.'’ — AUiemfum. 

“We cordially recoiiiiiu’nd the work.”— (7«/0n it (iitnitluiit. 

“ Will ooii conic to b<‘ rcsr.irdcd as the aTANUAKU wouic of its kind " Binntnuhnm ixiity Gazette. 


Fourth Edition, Thoroughly Revised and Greatly J^nlarged. Re-set 
throughout. Large Crown 8vo. Handsome Cloth. 128. 6d 

PRACTICAL COAL-MININGs 

A MANUAL FOR MANAGBitS, UNDER-MANAGERS, 
COLLIERY ENGINEERS, AND OTHERS. 

With Worked-out Problems on Haidage, Pumping^ VentUhtiont dsc. 

By GEORGE L. KERR, M.E., M.Tnst.M.E. 

Contents. — Tlie Sources and Nature of Coal — Tlic Search for Coal.— 
Sinking. — Explosives Mechanical Wedges. — Rock Drills and (/oal-entting 
Machines. — Coal-cutting by Arachinery. — Transmission of Power. — Modes of 
Working. — Timbering Roadways. — Winding (Joal. -Haulage — Pumping. — 
Ventilation.- -Safety Lamps. — Surface Arr.ingcraents, Surveying, Levelling, 
kc. 

" An KS3ENTiAi.i:.Y PBACTic’Ar, wouiv, and can be euiitideutly recommended. No department 
of Coal-MiiiiiiK has been overlooked.”— Gazeth. ^ 


In Crown 8vo. Handsome Cloth. With 200 Illustrations. Ss, (id. 

.ELEMENTARY COAL-MINING i 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
• PREPARING FOR EXAMINATIONS. 

By GEORGE L. KEdlR, M.E., M.Tnst.M.E. 

Contents. — Sources and Nature of Coal. — Exploration and Boring for 
Goaf. —Breaking Ground. — Explosives, Blasting, &c. — Sinking and B’itting 
of Shafts. — Modes of Working. — Timbering Roadways. — Winding and 
Drawing.— Haulage.— J*umv»ing and Drainage. — Ventilation.— Cleaning and 
Sorting Coal.— Surveying, &c. 

“All abundance iiitnrmatioii conveyed ill a popular and attractive form. . . . Will be 
of irroat use to al] wlio^re ni any way liiteresteil in coal minun?.'’— Otniic. 

LONDON; CHARLfiO GRihiN & CO., LIMITED. EXETER STREET. 8TRANR 
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Twelfth Edition, Revised, With Numerous Diagrams. 

Cloth, 7s. 6d. t « 

At TREATISE oKl MINE-SURVEYING:- 

*' For the uf^e of Managers of Mines and Coliieries, Students 
' at the*Soyat ficho&t of Mines, die, 

BY^Bir^N/iTT H. BROUGH, F.G.S., Assoc.R.S.M., ' 

Fonj^ tly Instructor of Mine-Surveying, Royal School of Mines. 

CONTE?-JTS. - ~ (General ?"x[)lanati()ns. — Measurement of Distances. — Mincns 
Dial.— Variation of the i'fagnetie Needle. —Surveying with the Magnetic Needle 
in the 1‘resenccof Iron. — Surveying with the Needle, — 'riie Cleiman Dial. — 

The Theodohte Ttaversing Underground. — Surface Surveys with the Theodo- 
lite. — Plotting the Survey. — Calculation of Areas. — Uevelling. — t 'onneetion of the 
Underground and Surface Surveys. — Measui ing Distances by Telescope. — Setting- 
out. — Mm('-Sui veying Problems. — Mine Plans. — Applaation of tlie Magnetic 
Needle in Mining. — I Miotographic Survi^ys. — A itkndicks. — Index. 

•• Its Cla- AUNBSS of STYia', LITCIDI I'Y of 1>l'SCRIPn<.)N, and PUUNI-SS of UETAIL have loHK A ^',0 won 
for It .i |)lacc unique m tin* literature of tins branch of tuiniiig < ngmcering, and the jiresent edition fully 
maintains tin. hij'h standard of its predecessors. To the student, .ind to tlic mi!niii.T cnnincei alike, MS 
VALUE IS inestimable. The illustrations are excellent ” ~7'Jte Jiltnim: Journal. 


Crown 8vo. Handsome Cloth. Illustrated. 6s. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MINING STUDENTS AND MINERS. 

By* PROF. JAMEsS PARK, F.G.S., M.lnst.M.M., 

fcssoi of Mining ami Dirfctt'-f'Of the Otago Pniversity School of Mmep ; late Director 
'ihanies School of Mines, and tleologieal Surveyor and Mining Geologist to the 

^ Government or New /ie.alHiKi 

Genkeal Contents.— Introclnction.— Classification of Mineral Deposits.— Ore Veins, 
their Filling, Age, and Stnicture.— The Dynamics of Lodes and Beds. -Ore Deposits 
Genetically Considered— Ores and Minerals Considered Economically. —Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines. — Index. 

“ A work which should llnd a place in the llhrary of every mining cnginecT.” — 
Milling World. 


Second Edition. Jn Crown 8vo. Handsome Cloth, With 30 New 
Illustrations. Is. 6tZ net. 

ELECTRICAL PRACTICE IN COLLIERIES.- 

By D. burns, M.E., M.Inst.M.E., 

Certificated Colliery Manager, and Lecturer on Mining and Goulogy to the Glasgow and West of 
Scotland Technical College. 

I 

Units of Me^urement, Conductors, &c. — The Theory of the Djmamo. -—The 
Dynamo, Details of Construction and Working. — Motors. — Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulaire. — Coal 
Cutting. — Miscellaneous Applications of Electricity 4n Mines — C»>al Mines 
Regulation Act (Electricity). — I ndex. • i t ' 

“A clear and concise introduction to electrical practice in collieries." — Mining 
Journal. • 
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WORKS FOR MINERS AND STUDENTS. 

# - ^ 'V • 

In Crown 8^iio, H..inclsonfe Cloth. 8s. Gel- net. 

MININC LAW OF THE BRITESH P^SPIRE. 

By CUAKLES J. AT.VoU*, ^ 

Contents. — The Triucijiles of Law.- The AlAiuje of Great 

Britain. British India. —(kivlon.—Bunna. — The Malay ^ninsula- -British 
North Borneo. — Egyi)t. — CyinTis. ~ 'I'he Don -n ion of Canada, — British 
Guiana -The Gold (.'oast Colony and Ashanti. — Caim of Good Hope. — 
Natal. — Oran (»e 1 liver Colony. — Transvaal < ^ol^y, — Bhodesia. — The 
Commonwealth of Australia. — New Zealand, &c.— I ndex. 

‘Slunild he .spocisilly useful U) .ill tlioso enj^aueil in the direction iW mining enter' 
prises Frnrtnnnl '1 nnen. 

“ ('aiinot f.ail to be useful . . . wr eonli.'dly lefoninieinl the hook ." — Miminj World 


in Large 8po. Fouktii Edition. Price. lO.'i. 6rf. 

Mine Accounts and Mining Book-Keeping. 

F r Students, Managers, Secretaries, and others. 

With Examples taken from Actual Practice of Leading Companies, 
By JAMES GUNSON LAWN, A.U.S.M., A.M.Inst.C.E., F.G.S., 

Hctul of the Mining Department, (!.amhorne .Seli<K)l of Mines. 

Edited by Sir C. LE NEVK FOSTER, D.Sc., F.R.S. 

• 

(-‘oNTENTs.— Introduction.— Paut I. EN<jA(;ii:MENT and Payment or Wokk- 
MEN.^ — Engagement of Workmen and l*eriod between Pay Days. — Data 
<h‘t(*rmining Gross Amount due to Men.-- lieductions. P.ay Sheets, Due Bilks. 
—Pay Tickets. Paut II. Pubchaseb and Sales. — Purchase and Distribution 
of Stores. —Sales of I^roduct. Part III. Working Srw ji a hi ks and A nalyses. 
— Summ.aries of Minerals Raised, Dressed, and Sold, anti of L.abour. — Analyses 
of Costs. — Accounts forwarded to Head Oflicc. P.MiT TV. TjEDUeu, P>alan(7E- 
Sheet, and Company Books. — Head Office Books. — Redemption of (Capital. 
— (iiencral Considerations and Companies Books. * Part V. Repokts and 
Statistics. — Reptnts of Workings and Machinery of Mining Companies. — 
Mining Statistica.— Bi blioo raphy.— Index. ^ 

“It seemH nirossiBLv. to auggost how Mr L.a.wn’h book oould be made more compi.rtk or 
more valuable, careful, and exhaustive ” — AccounlanUC Magazine. 


Second Edition. In Pocket Size, Strongly Bound in Leather, 3a. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS’ REPORT BOOK 

AND DIRECTORS’ AND SHAREHOLDERS* GUIDE TO MININC REPORTS. 

By EDWIN R. FIELD, M.Inst.M.M. 

With Notes on the Valuation of Property, and Tabulating Reports, 
Us'ful Tables, and Examples of Calculations, dc. 

“An ADMIRABLY compiled book which Mining Eugiueera and Managers will find 
XXTBSMELY vSEWdr'— Mining Journal. 

LONDON: GHARLfS Gr[fFIN & CO., LIMITED, EXETEB STREET, STRAND. . 
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GJ^ARruES GRIFFIN ct OO.^S PUBLICATIONS, 

'WOUZS OIT SlNZTira, explosives, ftc. 

** f. I 

iln Medium 8ro, Ilaiulaony* Cloth. With *18 Figures in the Texf. 
r and 19 Folding l*lates. lOij. Gd. net. 

SriAFT-SINKING 

IN F F I c U nr CASFS. 

By J. RTEMER, 

f 

Translated from tpie German 
J. W. BROUGH, A-M.Inst.G.E. 

C0NTEf.TS. — Shaft Sinking by Hand. — Shaft Sinking by Boring. — The 
Freezing Method. — The Sinking Drum Proce.ss. — B irliou kai'HY. — Isdf.x. 

Second Edition, Rovdsed. In Large 8vo, with Nurnerouy Illustrations 
and Folding Plates. 10s. Od. 

BLASTING: 

AND THE USE OF EXPLOSIVES. 

By OSCAR GCTTMANN, M.Inst.O.E., K.I.O., F.O.S. 

Contents. A Historical Sketch. — Blasting Materials. — l^Jualitios and 
Handling of Explosives. -Tlie Choice ol Blasting Materials. — Preparation 
of Blasts. — Chamber Mi»u‘S. — Gnarging of Boreholes. — Determination of 
Charge. — Blasting in Borehclc.s. — Firing. — Results of Working. — Various 
Blasting Operations. — Index. 

“Should prove a vade-mecum to Mining Engineer‘. and all engaged in praciic.al work. ’’ 
— Iren and Coal Trades Revieiv. 

In Medium 8vo, Cloth. With many Illustrations in the Text. 
#^'Four Full Page Plates and Four Folding Tables. 6.s. net. 

NEW METHODS OP 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated from the Geiiaian and Edited 
By axel LARS'EN, M.Inst.C.E. 

Contents. — Introduetory. — Historical. — Testing Stations. — Poever 
Gauges. — Products of Combustion. — Rate of Detonation. — Length and, 
Duration of Flame. — After- Flame Ratio. — Transmission of Explosion. — 
Conclusions. — Efficiency. 

“Its pages bristle witli suggestions and actual experimental results to an extent 
Bel’dom found in a volume of live times its size.”— ^Irnwf and Explodtzu. 

"iONOON: CHARLES GRIFFIN & CO.. IIMITED. EXflER STREET. STRANtt 



MJJfiimt MJJTJiLbUJ{GT.\ • 5f 

Second Edition, lievistd Throiigxout. In Medtum ^vo. With •* 
Numerous F^^tes, Maps^ and Illustrators. 21*1. net. 

CVANIDINC GOLD & -SILVER ORES. 

\ Practical Treatise on the Cyanide Process; As Application 
* Methods of Working, Desigpi and* Construction of " 
Plant, and Costs. i # * 

By H. FORBES JULIaA * 

MiuhiK unci Mctalliirgical Entrineor ; Specialist, in (Jnld ; Late Technicjw Adviser of the 
Dentsclio Gold und Silber Hclieidc* Aiistait, Frank fort-on -Maine. • 

And EDGAU SMART, A.Mtl.C.E., 

Civil and Metalluri^ical PhtKineer 

“A handsome volume of 400 iia^es which will h<‘ a valuable book of l■^fcrenee fear a1 
associat ed witli the process,’* — il/mrnf/ Jimrned. 

“The authors are to be congratulated upon the production of what should nrove to b 
a standard work.”— Alatjaziw. • 


In Large Croitm Sm. tVith 13 Plates and many Illusb ations in the Text* 
Handsome Cloth, 7«. ^d. net, 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and Students at 
Schools of MineSy &c. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago « nivorBity School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geolo^t 
to the Governmoiit of New Zealand. 

Fourth English Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siomens-Halske and other 
recent processes. 

“ Deserves to be ranked as amongst the best of existing treatises.’*— Journal, 
Third Edition, Revised. With Plates and Illustrations. Cloihy 3s. 6d. 

GETTING GOLDS 

A OOLD-MININO HANDBOOK FOR PRACTICAL. MEN. 

By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers’ Association. 

(JrKNEKAL CONTENTS. — Introductory; Prospecting (Alluvial and General) — 
Lode or Reef Prospecting — Genesiology of Gold — Auriferous Lodes — Drifts — 
Gold Extraction — Lixiviation — Galcination — Motor Power and its Transmission 
— Company Formation — Mining Appliances and Methods — Australasian 
^ Mining Regulations. 

“ Praotical from beginning to end . . . deals thoroughly with the Piospectlng, 
Sinking, Crushing, and Extraction of gold.” — Brit. Australasian. 


In Crown 8 wo. Illustrated. Fancy Cloth Boards. 4s. Gd. 

C8LD SEEKING )N SOUTH AFRICA: 

A* Handbook of Hints for intending Explorers, Prospectors, 
and Settlers. 

^ By THEO KASSNER, 

Mine Manager, Author of the Geological Sketch Mai of the De Eaap Gold Fields, 

With a Chapter on the Agricultural Prospects of South Africa. 

As fasoinati ng as anytlsing ever penned by Jules Verne.”— A/rtca?t Commerce. 

• LONDON: CHARCeS CNFFIN & CO., LIMITED, EXETER STREET. STRANP • 
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CHARtES OB/FFIN CO.'S PUBLICATIONS. ^ 
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^ Large 8vo. Haiidsornc‘*Clotli. With Illustrations. 

* * r2s. 6d- net. * * 

HETALLUeeiCAL ANALYSIS & ASSAYING : 

" A THI(EE YEALS’ course < , 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. MACLEOD, B.A., K.Sc., A.O.S.M. (N.Z.), 

Formcrlv ist -DuvrLoi-. TIi iin«*s iSclioul ol Mim-^ 'N Z ). .ind Loctnrci in CMioinistry, Univt*r>nt; 
of TaHin.'iniii ; Dinn-toi ol Qtit“«-iisl.iiHl <Io\«‘ninn‘ut. Stlnud of Mines. (JliarLers Towers ; 

An'd CHAS. WALKER, E.C.S., 

Formerli AhsirL -Oenion''t,iiit,or in (’heinisli.i, Sidney Uniiersitv . Leeturer in (Jheniistrj 
' ' and MetallniKi. OluiHei , Touets Sidiool ol Mines 

Paht If — Qualitative Analysis and Pieparation and Pro]>ertie.s of Gases. 
Part II.~Qualitative and Quantitative Analysis. Part ill. — Assaying, 
Technical Analysi.s ((i as, Water, Eucls, Oils, &c. ). 

“The* puldiiiuiiou of this volume tends to prove that the teachiiifj; of metal lurp:ical 
analysis and ussayiiif' in Australia rests in competent hands Aufurc. 


In Crown 8vo, licautifully lllu.stratcd with nearly 10(1 
Microphotographa of IStecl, &c. 7s. (>d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By ELOPvIS OSMOND & J. E. STEAD, E.P..S., F.I.C. 

Contents. — Metallography considered as a method of Assay. — Micro* 
graphic Analysis of Carbon Steels. —Preparation ot Speoiniens. — Poliohing. 
— efonatituents of Steel ; rcTrito;.5^ementite; Pearlite; horhito; Martensite: 
Hardeuite; Troostite ; Austenite. — Idcntili cation of Constituents.- Detailed 
Examination of Carbon Steels. — Conclusions, Theoretical and Piactical — 
Apparatus cmi doy ed. — Appen i ) i .k . 

“There has been no work previoufely pahlifched in English culcnhited to lie so u.seful to 
the student in metal logniphie researcli.” - Iron ami Steel Ttades' JournaL 


Third Edition. With Folding Plates and Many IIluBtrationa. .‘16s. 

e:ili£:imie:n'xs of 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 

By J. ARTHUR PHILLIPS, M.Inbt.O.R, F.C.S., F.G.S.,.to. 
And H. BAUERMAN, Y.P.G.S. 

General Contents. — Refractory Materials. — Fire-Clays. — Fuels, Ac,— 
ALuminium. — Copper. — Tin. — Antimony. — Arsenic. — Zinc. — Mercurj^, — 
Bismuth. —Lead. — Iron. — Cobalt. — NickeL — Silver. — Gold.— Platinum. 

** Of the Third Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted,” — Enginm-, 

“ A work which is equally valuable to the Student as a Text-book, and to dbe 
practical Smelter as a Standard Work of Reference. . . . ^The lllustratioiui 
are admirable examples of Wood Engraving ,” — Chemical News. 

< LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER ^REET. STRAND. 



META LL URQICAL'^ TC^KS, 6i 
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Second Edition, Revised y E/dar<feAi, Reset Throu dtOUtonLargei P^ge. 
With Valuable Bihut^raphy, New MapSy lilu^i a: onsy^bc. 45-y. iiet. 

• IN rr^o wo iL. u lux e: 6. 

. A TREATISE ON 

i^ETi^pXj^EjrriM: 

SIR BOVKRTWN llEDWOOD, 

D.Sc., K.H.S K , AsJ^oc Insi C.E , F I 0. i , 

Contents — SKrTioN T.: lTistoric;il Account, of the Petroleum li^ustrf^. “SEi loN II.: 
Oeoloptical amt Geoij:iai»hie.'il IMstnhutuui of Petroleum ami TN«atiU'XsV»*'is-— H eotioN 111.: 
The Chemical and Physical Projicrtics of Petroleum and Natural (las. S’lCTiON IV.: 
The Oriprin ot Petndcum and N.ituial (las - Skction V.: The Pi .. 1 action of Petroleum, 
Natural tins, and O/.okeritc. - Section VI.. The Kcflning of*Peti(»lcum - Section VII.: 
The Shale Oil and Allie<l Industiies SECTKtN V 111 ; The Transi>ort, Storage, and Dis- 
tribution of I'etrolcum.—SEiTioN IX.: The Te.stiiig <»r Ciiide Petroleum- Petroleum and« 
Shale Oil Pi-oduets, O/okerlte, and Asplialt —Section \. : The Oscs of Peti oleum and 
its Products. -Section .\T. . Statuloiy, Municii»al, and other Kcgulations relating to 
the 'I’esting, Storage, Tran.sijort, .and Iksc of Petroleum ami its Products. — /ft»i»ENluCES. 
— BinLlOClKAlMiY.— iNJd.X 

“It is iiuiusimtablv tin* most comprehensive ami complete treatise on petroleum, ami this 
atatement is true, no mattei on what braiieh «if the imhistr> a test ol its meiils is made Ills 
tho only book in existence wliieh gne- (lie oil man a cleat .iiid lehable outline ol tlie growth ami 
present-day comlitiou ot the entiie iMdroleum world . . Theie is a wonderfully complete 

collection of plalA'S and illustrations I’tfroh am fl'nrhf 

Second Edition, Revised. With Illustrations. Price 8iS. Qd. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engraffed in the Storage, Transport, Distribution, and Industrial 
Use of Petroleum and its Products, and ot Calcium Carbide. With 
suggestions on the Construction and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON,, 

TI.M. Oluef Iiiapectm of Explosives, 

And sir BOVERTON REDWOOD, 

Authoi ol “A Tieatise on Petrnleiim " 

“A volume that will enrich tho woild’s petroleum literature, and render a serviec to the 
PrltlHh branch of the ludustry . . . Iteliahle, imhftpenH.i.hle, a brilliant eonLiibidion.”— 

Petroleum. 

In Crown 8vo. Fully Illustrated. 2s. Gd. net. 

THE LABORATORY BOOK OF MIRERAL OIL TESTIRC. 

By J. a. mOKS, 

Cilcmist to Sir Bovei-tou Redwood 

i< Should l»e oil the shelves ol every aualytieal cheiiiist in practice "—t'hemical Tradt Journal. 

• 

In Large Crown Svo, Cloth. Fully Illustrated 5s. net. 

OIX^ FUSX^: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 

By SIDNEY H. NORTH, 

LATE EDITOR OF THE “PETROLEUM REVIEW." 

Contents.-- T he Sources of Supply.— Economic Aspect of Liipiid Fuel.— Chemical 
Composition of I'hud Oils.— Conditions of Combustion in Oil Fuel Furnacos. — Early 
dethods and Experiments. — Modern P>^jmers and Methods.— Oil Fuel for Marine Pur* 
POMS.— For Naval Pnriioaes,— On Locomotives.— For Metallurgieal and other Purposes. 
— Appendices. Index. 

Everyone interested in this iiupurtaut question will welcome Mr. North’s excellent 
text-book.” — Nature. 

THE PETROLEUM LAMP: Its Choice and Use. A Guide 
• to the Sife Ehiployment of the Paraffin Lam]). By Capt. J. H. 
Thomson and Sir Bo VKRTON Redwood. Illustrated. Is. net. 

"A work which aIIU meet every purpose for which it has lieen written.’’— Pefrolriow. 

^ WHDON; CHAW.es GRIFFIN (& CO., LIMITED. EXETER STREET. STRAND 
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®riffin’s 'UttnUnrgifsi Stms. 


WORKS ' OF REFERENCE 

FOR 

Metallurgrists, Iftne-Owners, Assayers, Manufacturers, 
and all Interested in the development of 
the Metallur^eal Industries. 

* EDITED BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

In L,arge 8va, Handsome Cloth. With Illustrations. 



INTRODUCTION to the STUDY of METALDUBaY. 

By the Editor. Fifth Edition. i8s. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. Kirke Ross, 
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

DEAD AND SILVER «(The MetaUurgy of). By H. F. 

Collins, Assoc. R.8.M., M.Inst.M.M. Part I., Lead, i6s; Part 
" II., Silver, i6s. (See p. 64.) 

I.RON (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Third Edition, Revised. (See p. 65.) 

STEEL (The Metallurgy ot). By F. W. Harbord, 
Assoc.R.S.M., F.I.C., with a Section on Meclianical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25s. net. (See 
P- 65.) 


Will be Published at Short Intervals. 

METALLURGICAL MACHINERY ; the Application of 
Engineering to Metallurgical Problems. By H enry Charles J bnx^iNs, 
Wh.Sc., Assoc.R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. * (See p. ^). 

COPPER (The Metallurgy of). By Thos. C. ("loud, Ass6c. 
R.S.M. 

ALLOYS* By Edward T. Law, Assoc. R.S.M. . 

Other Volumes in Preparation, 
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GBIFFIK’IS METAIiIiITRGV^AI: SERIES. 
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Fifth Edition, thoroughly Revised and conskleiabh ^Enlarged. #Large 
8vo, with numerous Ill*strati|^iis aiut Micro-Photcjgraphi:: • 

Plates of different varieties of Steel. |^8s. ^ 

An Introduction to the Stud^^of 

iiy 

Sir W. ROBERTS-AIJSTEN, K.C.B.. D.C.L., F.R.S., A.R.S.M., 

Late Chemist and As'>ayer of the Royal Mint, and Professor of Metallurgy 
in the Royal College of Science. 

General Conten'is, — T he Relation of Metallurgy to Chemtstry. — Physical Properties 
of Metals. — Allo]^. The Thermal 'I’rcatment of Metals, — Fuel and Thermal Measurements. 
— Materials and Products of MetallurgiL.d Processes. — Furnaces. — Means of Supplying Air 
to Furnace.s. — Thermo- Chemistry. —Typical Metallurgical Piocesses. — The Micro-Structure 
ol Metals and Alloys.— Economic Considerations. 

** No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 


Fifth Edition, Revised, Considerably Enlarged, and in part Re-writfcen. 
With Frontispiece and numerous Illustrations. 218. 

THE METALLURGY OF GOLD. 


BY 

T. KIRKE ROSE, D.Sc.Lond., Assoc.R.S.M., 

Chemist and Assayer of the Royal Mint. 

General Contents.— The Properties of Gold and its Alloys,— Chemistry of the 
Oompoiliula of Gold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits,— Deep Placer Deposits.— Quartz Crushing in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery,— Other Forms of Cruwiug and Amalgamating Machinery, 
—concentration in Gold Mills.— Dry Crushing.— Ite-grinding.-Roasting.— Chlorination: 
The Plattiier J^ocess, The BaiTel Pi-ocess, The Vat-Solution Process.— The Cyanide 
Process. — Chemistry of the Cyanide l^ocess.— Refining and Parting of Gold Bullion. 
-4|ts8ay of Gold Ores.— Assay of Gold Bullion.— Statistics of Gold Production.— Biblio- 
jjaphy.— Index. 

“ A ooMPKBHJKNSiVK PBACXIOAL TKBATI8K On this Important subject."— Timet. 

•‘The MOST ooMPLBTK description of the ohlobination frooesb whiob has yet been pnb- 
Ushed.” -Mining Journa.. 

^ “Adapted for aU who are Interested in the Gold Mining Industry, being free from teoh- 
nioalitiea as far as possible, but is more particularly of value to those engaged in the 
iadustry.'-oCape Wimet. 


LONDON: CHARttS GRIFFIN & CO., LIMITED. EXETER STREET, STRAND, , 
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^ GRIFFIN’S MBTAIuIiURGICAIi SERIES. 

Edited dv Sill W. llOxiERTS- AUSTEN, K.cf.B., F.R.S., B-CkL- 
' In Large^Svo. JTanvI^ome Cloth. With lUuHtratiotiA. 


In Tl^o Volumf^a, Each Complete in Itself and Sold Separately 

THE mMlURGY of LEAD AND SILVER. 

By H. F. COLLINS, Assoc.R.S.M., M.Inst.M.M. 

I 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and l^esilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price i6s. 

Summary of Contents.— SaniplitiT^ and Assaying Lead and Silver —Properties and 
Compoiiuda of Lead. — Lead Ores.— Lead Smelting.- -Keverberatorios, — Load Smelting in 
nearths.— The Roasting of F/oad Oic.s.— Blast Furnace Smelting; Principles, Practice, 
and Examples; Products.— Flue Dust, its Composition, Collection and Treatment.— 
Costs and Losses, Purchase of Ores, -T’reatincnt of Zinc, Lead Sulphides, Desilverisation, 
Softening an 1 Rotlning. --'I'lie Pattinson Process.— The Parkes Process.— Cupollation and 
Rellning, &c., Ac. 

“A THOROuantY SOUND and useful dige.st. May with every confidence be 
recominemied ." — M hiing Journal. 


Pa,x*t II^— SILVER. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. Price Ifis. 

Summary of Contents. —Properties of Silver and its Principal CompoundB.— Silver 
Ores.— The Patio Process. -The Kazo, Fondoii, Krdhnke, and Tina Processes.— The Pan 
Process,— Roast Amalgamation.— Treatment of Tailings and Coucentration.— Retorting, 
Melting, and Assaying — Chloridisiug-Roastmg.— The Augustin, Claudet, and Ziervogel 
Processes, — The Hypo -Sulphite Leaching Process. — Rellning.— Matte Smelting.— l^itlc 
Smelting.- -Matte Smelting in Reverberatorics.— Silver-Copper Smelting and Refining.— 
Index. 

“ The author has focussed A large amount op valuable information into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. ’ — Mining Journal. 


/ N P R E P A R A T ! O N , 


METALLURGICAL MACHIRERY: 

The Applloatlon of Engineering to Metallurgical Probleme. 

Br HENRY CHARLES JENKINS, 

Wh.8c„ Assoc-R.S M., A8aoc.M.Inet.O.E. ^ 

• ONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN’S METAliBURGICAIi SERIES. 

> • • 

Thir*> Edition, Revised. With Niimt^ons. IliustrtUiiona. I)ar^e*^’' 0 . 

Handsome Cloth. 25s. net. ^ ^ 

\Nith Additional Chapter B/i Tfw Elecff ic Smeiting of St> Jt 

THE METALLURGY OFxSTEEL. 

By F. W. HARBORD, Assoc.^.S.M., F.LC., 

ConHulting MtlaXlurgint and Analytical Ghemint to the Indian Oovemment, 
Royal Indian Engineering Gollege^ Coopera Jlili. • 

With 37 Plates, 280 Illustrations in the Text, and nearly y)0 Micro- 
Sections of Steel, and a Section on 
THE M ECUA]>I 1 CAL TREATMENT OF STEEL. 

By J. W. hall, A.M.IN8T.C.E. 

ABRinoicn ('oTTTKNTs — Tho riant, Machinery, Methods and OhemiBtrv of the Bessemer 
and of tho Open Ifearth Processos (Aoul ami Hiisio), — Tho M«s’hanical 'I’ro.vtmout of Steel 
oompriRinR Mill Practice, l-’lant and Machmorv —The Jnfluc*.uoo of Metalloids, Heat 
Treatment, Special Steels, Microstructnre, Testing, and Spooillcsitioim 
“A work which we ventino to coiniiuMid as an invaluable cmnpendinm of information uiion 

the metallurgy ol steel. ’’--yroa (tad C'ort/ 7'r(uh’s’ yf« wifir 

The A’ttf/mcc?- says, at the conoluaion of a review »f this book — We cannot conclude without 
earnestly rccoimncmling all who may bo niteresteu .is makers or users ot steel, wbieh praetleally 
means the whole of the etigiiieeiing profession, to make themselves actpijuntod with it as speedily 
as possible, ami tins may he the more easily ilono as the published puce, considering tho size 
of die hook, IS extremely modciate,” 


Tiriui) Edition, llevised. Shoktia'. 

THE METALLURGY OF IRON. 

By THOMAS TURNER. Assoc.R.S.M., F.I.C., 

Trofessor of Metallurgy in the University of Bimiingham, 

In Large 8vo, Handsome Cloth, With Ndmerods Illu^rations 
(many from Photographs). 

General Goa/cuta.— Early History of Iron.— Modern History of Iron —The Age of Steel. 
—Chief Iron Ores.— Preparation of Iron Ores.— The Blast Furnace.— Tho Air used in the 
Blast Furnace.— Reactions of the Blast Fumaco.— The Fuel used in tho Blast Furnace,- 
SlaffB and Fuxes of Iron Smelting.— Properties of Cast Iron.— Foundry Practice.— Wrought 
Iron.— Indirect Production of Wrought Iron.— The Puddling Process.- Further Treatment 
of Wrought Iron. — Corrosion of Iron and Steel. 

A MOST VALUABLE SUMMARY of knowledge relating to every method and otage 
in the manufacture of cast and wrou^t iron . . . nch in chemical details. . . . 
IJxHAUsnvE and thoroughly up-to-date.” — Bulletin of ike American Iron 
Steel Association, • r 

“ This is A delightful book, giving, as it doe«, reliable mioimation on a subject 
becoming every day more elaborate.” — Colliery Guardian. 

“A thoroughly jpskful book, which brings the subject up to date. Op 
^REAT VALU/|^ to those engaged in the iron industry.” — Mining Journal, 

For l^rofesBor Turner’s Lectures on Iron- Founding^ see page 68. 
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%Tenth Edition. With TablAj and Illustrations. Crown 8vo. 

® u Cloth, los. 6d. < ^ 

A. TEXT- BOOK ’ OF ASSAYING 

* For the ufs of Students, Mine Managers, Assayers, dc. 

■ , By J. BERINOEr' F.I.C., F.C.S., 

Public %\nalyJ* for, and Lecturer to the Mining Association of, Cornwall. 

/And C. BERINGER, F.C.S., 

• Late Chief Assayer to the Rio Tinto Copper Company, London, 

Gbnbkal Contents. — *'Part I. — Introductory ; Manipulation : Sampling ; 
Drying ; Calculation of Results — Laboratory-books and Reports. Methods : Dry Gravi- 
oretnc; Wet Gr^metric— Volumetric Assays; Titrometric, Colorimetric, G^mctric— 
Weighing and Measuring — Reagents — Formula:, Equations, &c. —Specific Gravity. 

Part 1 1. — Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, ThalliSm, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, &c.— Earths, Alkalies. 

Part III. — Non-Metals: Oxygen and Oxides; The Halogens— Sulphur and Sul* 
phates — Arsenic, Phosphorus, Nitrogen — Silicon, Carbon, Boron — Useful Tables. 

“A RHALLV MERITORIOUS WORK, that may be safely depended upon either for sy.stematic 
instruction or for reference." — Nature. 

“ This work is one of the best of its kind." — Engineer. 


Fourth Edition, Revised. Handsome Cloth, With Numerom 
Illustrations. Gs. 

A TEXT-BOOK OP 

ELEMENTARY METALLURGY. 

Including the Author’s Praotioal Laboratory Course, 

By a. HUMBOLDT SEXTON, F.LC., F.O.S., 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 

GENERAL CONTENTS. — Introduction. — Properties of the Metals. — Combustion. 
— Fuels. — Kefractoiy Materials. — Furnaces. — Occurrence of the Metals in Nature. — 
Preparation of the Ore for the Smelter. — Metallurgical Processes. — Iron. — Steel. — 
Copper. — Lead. — Zinc and Tin. — Silver. — Gold. — Mercury. — Alloys. — ApplicationB 
of Elkotrioitt to Metallurgy.-— L aboratory Coursb. 

Just ^.be kind of work for Students oommbncino the study of Metal- 
lurgy, or for Enoinbebino Students .” — PracticjU Engimer. 

“ Exckllbntdt got-up and wkll-arkanged. ” — Clumical Trade Journal, 


In Large 8vo. Handsome Cloth. Price ds. 

TA.BLES FOR 

QUANTITATIYE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

OH THE PRINCIPLE OF •‘GROUP SEPARATIONS. 

By J. JAMES MORGAN, F.O.S.^, M.S.C.L 

*‘The Author may be congratulated on the way his work has been„oaiTied oat"— g 
The EiMmeer. 

" wdi coMSiKKD ITSELF highly in Laboratory Practice, Its olearni^ and pRsoisnnr 
mark the book out as a highly useful one."—Minmff Journal. ^ 
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DiTiONf, Be vised, E»il|rged, and m part Re-written^* 
With Additional ^^tions on Modern TiiKcRiiJ'^ oq Eleotroly.sk 
Costs, he. Vrice 10s7 Od. 

A TREATISE ON 

ELECTRO-METSLlilRGY: 

Embracing the Ap^dication of Electrolysis to the Pla^g, D^ositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Sur&ces and A A-W ork, &c. 

WALTER G. M'MILLAN, P.I.C., P.b.S., 

Secretary to the Institution of Electrical Engineers; late lecturer in M^failurgy 
at Mason College^ liirminghatu. 

With numerous Illustrations. Large Crowr 8 vo. Cloth. 

“This excellent treatise, . . . one of the best and most complete 

manuals hitherto published on Electro-Metallurgy .” — Electrical Review. 
“This work will be a standard.” — Jeweller. 

“Any metallurgical jn’oeess which reduces the cost of production 
must of necessity prove of great commercial importance. . . . We 

recommend this manual to all who are interested in the practical 
application of electrolytic ijrocesses.”— ATa^wre. 


Second Edition, Thoroughly Revised and Enlarged. * In large 8 vo, 
With Numerous Illustrations and Three Folding-Plates. 21s. net. 

ELECTRIC SMEITIIfr & EEEIOT&: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the “ Elkktuo-Mktallurgik ” of Dr. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. M'MILLAN, 
F.I.C.. F.CJ.S. 

CONTENTS. 

Part I. — Alkalies and Alkaline Earth Metals; Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. — The Earth Metals : Aluminium, Cerium, Lanthanum, 
Didymium. 

•Part III. — The Heavy Metals: Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese^ Iron, Nickel, and Cobalt, the Platinum 
Qloup. 

• Comprehensive aud authoritative . . . not only pull of valuable infor- 
mation, but gives evidence of a THOROUGH INSIGHT Into the technical VALUE and 
possibilities of all the methods diBcussed."— T/ie Electrician. 

“ Dr. BOROHERS’ WELL-KNOWN WORK . . . must OF NECESSITY BE ACQUIRED by 

•everyone Inteeested lu the subjeoi. Excellently put Into English with additional 
matter by Mr. MoMillan.”— 

“ Will be of GMEAT SERViCK to the practical man and the Student."— JSiecfric limiting. 
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/n Medium Hl'O, Handsome Cloth, Fully Illustrated* JSs. net. 
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, A Practical Handbook for IFon, Steel ard Brass Founders^ • 

• * Metc^Uurgists, afid Students of Metallurgy. * 

JX A. M‘W^LLTAM, A.E.S.M., and PERCY LONGMUIK. 

(.'ONTKM'S.- liitruductiun. — fjlentTHl Prc-pertitfo of Matter. Moulding Sands.— I'jlcifg 
Sands and» Facings. —^’oundrv 'I'oots. — Moulding Itoxes. — Handling Material in tile* 
Foundry. — (>iieS Sai^ ’Moulding.— Cores. Elementary Aspects of Moulding. — (ireen 
Sand Aloulding.— Seeing ('ores in Mould.s. — Moulding from Guide.s.— Hencli, Oddside, 
and Plate MouldinfT— Maclune Moulding.— Dry Sand Moulding.— Loam Moulding. — 
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Iron.— Eefraetory Materials. Fuels and Furnaces. Mixing by Analysis.— Uemelting.— 
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ment. — Steel, Notes on Aletals other l.han lr«»n. Alloys. — Mechanical 'I'esting. — 
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Extra Grown ^vo. With 48 Ilhuitrations. 6f/. net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

Predessor of Metallurgy in the Ihiivcrsity of Birmingham. 

Contents.— ■V arieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction. Iron Ores. — Composition. — The Blast Furnace.- Materials. — Jleactions.— 
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“ Iroiifouiiders will find much information in the hook .” — Iron Trade Ct/evlar 
(Ryland’i,). 

In Large 4io, Library Style. BdbtutffuUy Illustrated with 20 Plates, many 
in Colours, and 9.}, Figures in the Text. £2, 2s. net, 

PjRSCIOUS SrrOP4SS: 

Theip Properties, Occurrences, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 
Collectors and others interested in Gems. 

By Dr. MAX BAUER, 

Professor in the University of Marlmrg, 

Translated by L. J. SPENCER, M.A. (Cantab.), F.(t.S. 

“ The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone i.s a lesson on precious stones, whilst the penisal of the work itself should 
add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers’ 
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In Large Grown 8vo. With Numerous Illustrations, 8s. 6d, * 

THE ART OF THE GOLDSMITH AND JEWELLER. 
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Manufacture of Personal Ornaments. 
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•yHiRD Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

• A SPHORT JffANUAIi 

INORG.ANIC CHfiMISTRY 

A. EUPIJE, i’h.O., F.R.S., 

And\ w/lSON hake, Ph.D., F.I.O., F.C.S., 

the Wci-a'inster Hospital Medical School. 

“An B3Qr'MPLB OP THE ADVANTAGES OP TUB SYSTEMATIC TREATMENT of a ScieUCe 
over the fragnnientary style so generally followed. By a long way the best of the small 
Manuals for Students.” — Anaf^si. 


In H^udsomo Cloth. With nearly 50 Illustrations. 3s. 6d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GBOSSMANN, M.A., Ph.D., P.I.C. 

WITH A rUKFACK BY 

Sir william HAM8AY, K.C.L., F*R.S. 

Contents.— The iieuhor und its Technical Equivalents. — Distilling Flasks, Tiiebig’s 
Condensers. - Kractionating Tubes and their Teehnical E<inivnlont8.— The Air-Batli and 
its Technical E<iuivaleiits. — The Blowpipe and Crucible and their Technical Equivalents. 
— The Steam Btjiler and other Sources of Power. — CJeneral Remarks on the Application 
of Heat in Chemical Engineering. —The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents. -Measuring Instruments und their Technical 
Equivalents.- Materials Used in Chemical Engineering and their Mode (vf Application.— 
Technical Uesearch and the Designihg of Plant. -Conclitsion. — Chemicals and Materials. 
—Index. « 

“Excellent. . . Every student ot chemistry attending a technical course slmuld 
obtain a copy, Chemical A ckw, ^ 


LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metallurgy in the Glasgow and West of Scotland Teobnloal Oolloge 


OUTLINES OF QUANTITATIVE ANALYSIS. 

r FOR TUB USE OF STUDENTS. 


With IlluBtrations. Fifth Edition. Crown 8vo, Cloth, 3b. 

** A OOMFAOT LABORATORY GUIDE for beginners was wanted, and the want has 
been well supplied. ... A good and usefui hookP—LaTicet, 


OUTLINES OF QUALITATIVE ANALYSIS., 

FOR THE USB OF STUDENTS. 

With Illustrations. Fourth Edition, Rwised. Crown 8vo, Cloth, Sb. 6d. 

“ The work of a thoroughly practical chemist .” — British Medical Jowrrxitl. 

« Oompiled with great care, and will supply a want .” — Jowrnal of Education. 


ELEMENTARY METALLURGY: 

Including the Author’s Practical X^aboratory Course. 

« [See p. 6o. 
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should give vrbsh powlr to the Engineer and Manufacturer.”- Ph- Tiwiw. 

* rf 0 ^ 

lu Two Vols., Large ®vo. With Illustrations. Sold Separately,. 

CHEMISTRY FOR* ENGINEERS 
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A PRACTICAL TEX3)-B00K\ ' 

BY # 

BERTRAM BLOUNT, F.I.C., «k A. G? BLOXAM, F.I.O. 
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CHEMISTRY OF ENGINEERING, BUILDING. AND 
METALLURGY. 

General INTRODUCTION —Chemistry of tue Chief Materials 

of Construction— Sources of Energy —Chemistry of Steam-raising — Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

II. Px*toe IBs. 

Second Edition, Thoroughly Revised. Illustrated. 16 s. 

THE CHEMISTRY OP MANUFACTURING 
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General (7onfen«i».— Sulphuric Acid Manufacture— Alkali, ftc.— Destructive 
Distillation —Artificial Manure— Petroleum— Lime and Cedient— Clay and 
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affording a clear conception of the numorouH proooHses as a —Chemical Tradt 

Journal. 


Second Edition. In Large 8vo. Handsome Cloth. With 8i?o pages 
and 154 Illustrations. 25s. net. 
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THEW PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES. SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc., F.R.S., 

Late Lecturer on Chemistry, St. ^arv’s Hospital Medical School ; Examiner 
^ in “ Soap*’ to the City and Guilds of London Institute. 

• Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

^ “Will be IBund absolutkly indispknsablk.’’— T*.*# 
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fears to come.” — fftdustries and Iron. 


lOUDOH: CHARLES ARIFFIN & C0„ LIMITED, EXETER STREET, STRAHO.. 



72 


QH^^RL^S GRIFFIN ht 00:& PUBLICATIONS, 

FiFTfi Edition, Thoroughly Revised, Greatly Enlarged and Re-written. 
With a^itional Vables, Plates, and lllustt ations. 218. 

FOdi>S! 

TEEIR QDHPOSITrON'AND ANALYSIS.' 

By a. WJ^NTER'^LYTH, M.R.C.S., F.IC., F.C.S., 

• Barrister-at-Law, Public Analyst for the County of Devon, and 
Medic|.l Officer of Health for St. Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

General Contents. — History of Adulteration. — Legislation. — Ap- 
paratu8.-»'“ Ash.” — Sugar. — Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits. — Starches. — Wheafcen-Flour. — Bread. — Oats. — 
Barley. — Rye. -- Rice. — Maize. — Millet. — Potatoes. — Peas. — Lentils. — 
Beans. — Milk.—- Cream. — Butter. — Oleo-Margarine. — Cheese. — Lard. — 
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Whisky. — Gin. — Arrack. — Liqueurs, — Absinthe. — Y east. — Beer. — W ine. 
— Vinegar. — Lemon and Lime Juice. — Mustard. — Pepper. — Sweet and 
Bitter .^inonds. —Annatto. —Olive Oil. — Water Analysts. — Appendix ; 
Adulteration Acts, &c. 

“Simply iNDiaPsNsABLK In the Analyst’s laboratory.’*— ?’/»« Lancet, 

“ A now edition of Mr. Wynter Blyth’s Standard work, knbicbed witb all thx bboivt 
D18COVBB1ES 4 X 0 lUPKOVKUBNTS, wiU bs accepted as a boon.”— CAemieal Newt. 


Fourth Edition, Thoroughlu Revised. In Large 8vo, Cloth, with 
Tables and tUustrations. 21 b. net. 

POISONS: 

THEIR EFFECTS AND DETECTION. 

By a. wynter BLYTH, M.R.C.S., F.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for Pt. Marylebone. 

QENERAL CONTENTS. 

1. — Historical Introduction. II. — Classification — Statistics — Connection 
between Toxic Action and Chemical Composition — Life Tests — General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. III. — Poisonous Gases. IV. — Acids and Alkalies. V. — MLre 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons deftved from Living or Dead Animal 
Substanoes. VIII. — The Oxalic Acid Group. IX. — Inorganic Pois&s. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning.*^ 

“ Undonbtedly ths mobs comflstb wobk on Toxicology in onr langnago .”— Analym Ixm 
the Third HdUUmJ. 

“ As a PEAonoAL auiDB, we know bo bbttbb work.”— 3’h< Laneet f^n the T^rd EdiU&nJ. ^ 
%* In the Thiu> Bditiob, Enlarged and partly B«-WTitten, Nbw Abalttical MiraoM havo 
been Introduced, and the Oadatibio Aikaloidb, or Ptokaibis, bodies play^ so great a part It 
Food-poisoning and in the Manifestations of Disease, have received special atmtlon. 
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CHEMISTRY AND TKCH^^OLOQX * 

• ^ 9 •• 

With Nuixicrous Tables, anft 22 Illurrr£,+ions. i6s. 

dairy •ch-e.mis’try-. 

FOR DAIRY MANAGERS, CHEMISTS, ANl)^ ANALYSTS 

,A Practical Handbook for Ds^ry Clfbmists and others* 
having Control of Dairies. ^ * 

By H. droop RlCHlVUiND, F.\C.f 

CHEMIST TO HIP AYLESBURY HAIRY COMB.^WY. ^ 

Con/ents. — I. Intioductory. — The Constituents of Mdk. II. The Analysis ol 
Milk. 111. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters, 
VI. Butter. VII. Other Milk Products. Vlll. 'I'he Milk of Mammals other 
than the Cow. — Appendices. — Tables.- Index. ^ 

. , In our opinion the book is thw bkst contribution cn the .subject that 

HAS YET APPEARED 111 the English language.”— Lancet. 

Fully Illustrated. With Photographs of Various Breeds of Cattle, Ac. 

Gs. nej. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 

By EDWARD F. WILLOUGHBY, 

M.I). (Loud.), TJ.P.ll. (Loud, and '’amh.). 

“ We cordially recouuiieiid it to everyone who has anything at all to ^o with milk.’'— 
Ddiri/ World. ' 

In Crown 8vo, Fully Illu.strated. 2s. 6d. net. 

THE LABORATORY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., T-td. 

“Without doubt the best contribution to the hteiature of its Mibjcct that liai 
written.” -Medical Times. 

At Pre.'s.s. In Crown 8vo. Handsome Cloth. Illustrated. 

‘SOIL. S JLd'JBRIH. 

• By JAMES CLARK, M.A., D.Sc., A.R.C.S., 

Principal of the Central technical Schools for Cornwall. 

Cdl^TENTS. — The Micro-organisms of the Soil, their Appeai'ance, Growth, Repro- 
du^ion, Activity and Conditions of Existence.— Soil Bacteria and their Relations to 
Organic Matter.— Decomposition and Putrefaction.— Formation and Nature of Humus ; 
Decomposition of Farm-yard Manure. — Effects of Tillage Operations and of Various 
Manures on the Decuup.isition of the Organic Matters in the Soil.— Fixation of Free 
N^ogen by Bac1.|;ria Living in Symbiosis with Higher Plauts.—Nitragin.— Fixation 
of Free Nitrogen by the Soil. — Alinit. — Nitriflicatf m. — Denitrification. — Conditions 
and Treatment Favourable for the Increase of Soil Nitrogen and for the Process 
of Nitrification.— Soil Bacteria which are of Minor Importance. 

• 
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CMAR^ES GRIFFIN A C0,*8 PUBLWATI0N8. 
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^ Crown 8vo^ Handsome Clotti. Fully Illustrated. los. 6d. 

.. FLESH - FObDS 

With* Methods ^or their^ Chemical, Microscopical, and Bacterio- 
logical Examination. 

A Practical Van^cok for Medical Men, Analysts, Inspectors and others. 
By C-.AIN^WORXfl'' MITCHELL, B.A., F.I.C., F.C.S., 

Member of Council, Society of Public Analysts. 

With Numerous tables. Illustrations, and a Coloured Plate. 

“ A compilation which will be most uschil for the class for whom it is Intended. 

'* “A book which^wo one whose duties involve considerations of food supply can AFFORD TO BB 
WITHOUT.”— Journal. 


In Large 8vo. Handsome Cloth. 

ifiiUCULTDRM, CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 

By J. M. H. MUNBO, D.Sa, F.LO., F.C.S., 

ProfesHor of Oheraiatry, Downtoa College of Agriculture. 

[/n Preparation. 

In Large 8vo. Handsome Cloth. With numerous Illustrations. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-orgemhtams in the Arts and Manufactures. 

By Dr. FRANZ LAFAR, 

Prof, of Fermentation-Physiology and Bacteriology in the Technical High School, Vienna 

With nn Introduction by Hli. EMIL CHR. HAN.SEN^, Principal of the Carlslierg 
Laboratory, Copenliageii. 

Translated bt OHARLBS T. c. SALTER. 

Vol. I,-SCHIZOMYCBTIC FERMENTATION. 15s. 

Vol. II., Part I.-EUMYCETIC FERMENTATION. 7s. 6cl. 

“The first work of the kind which can lay claim to compIetenesB In the treatment of 
a faBcinailng sahjeot. The plan is admirable, the clasBifleatiou simple, the style is good, 
and the tendency of the whole volume is to convey sure information to the reader,”'—* 
Lancet. 

Crown 8 VO, Handsome Cloth, With Diagrams. 7s. 6d. net. 

{Companion Volume to “FERMENTS,*’ by the same Author.] 

TOXINES AND ANTITOXINE’S. 

By OARL OPPENHEfkER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTH MITCHELL, B. A., F.I.C., P.C.6 

With Notes,, and Additions by the Author, since the puldication of thf; German Edition. 

■ “For wealth of detail, wc have no small work on Toxines wWch o<iuals thelone 
under review."— ifedicuZ 

m 
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In Crown mvo, Handaome fcloth. 7s.^ 6d. net. 

F E R T S 

ilNO rrH£:XR AC T*I O NT S'/ 

^ Text-book on the Chemistry and Physic^ of Fermititative Chtingee, 

' *By carl OPPENHiSlMER, P». D., L., 

Of tbo Physiological Institute at Erlangeii^ # 

Translated fpom th* €lfikMAN 

C. AINSWORTH MITCHELL, B.A., F.I C., F.C.8. 

Abkiikjbb Contents.— I ntroduction. — Dellnltloii.—Cheiilcal Nature of Ferments. — 
Influence of External Factors.— Mode of Action. — Physiological Action. — Secretion. — 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacteriolytlf 
ana Hsomolytic Ferments. — Vegetable Ferments.— Coagulating Ferments.— Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glucosides. — Hydrolytic Ferments. — T^actic Acid Feimentation. — Alcoholil Ferments* 
tion.— Biology of Alcoholic Feimentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography . -Index. 

“ Such a veritable wultuni in parvo has never yet appeared." — Brewers' Journal. 


Third Edition. In Handsome Cloth. Fully Illustrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTEic J. SYKES. 

Revised by ARTHUR R. LING, F.I.C., P.C.S., 

Editor of the Journal of the Institute of Brewing.# 

Contents. — Physical Principles Involved. ~ The Chemistry of Brewing. — The 
Miei’oseoiie. — Vegetable Hitdogy. — Kei mentation. — V\ ater, — Barley and Malting. — 
Arrangement of Brewery Plant.— (hmntitles of Matorinis. - Fermentation. — Antiseptics. 
— Finings. — Charaeteristies of Beer.- -Diseases of Beer.— I ndex. ^ 


111 Crown 8vo. iland.sume Cloth. Fully Illustrated. (Is. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 

And FREDERICK T. GISSING. . 

Oknskal Contxntb —Introduction —The Formation of Peat.— Area and Depth of Bogs lu 
Principal Countries.- Manufacture of Peat Fuel, &c. — Cut Peat, Dredged Peat, and Manufactured 
Peat.— Machinery employed in the Manufacturoof Peat Fuel.— Peat Moss Litter, and the Machinery 
employed iu its Manufactiuc -Peat Charcoal and its Maiinfaeturc —Cost of making Peat Fuel ana 
Charcoal.— Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, &;c. 

— BlBLlOGRArUY.— iNDKX. 


• In Crown Svo. Handsome Cloth. With 30 Illustrations. Cs. net. 


THE CLAYWORKER’S HANDBOOK. 

^ Epitome of the Materials and Methods employed in Brichmaking and Pottery. 
BY THE author of “THE CHEMISTRY OF CLAYWORKING,” &C. 


Obnbbai. Contknth.— M aterials used in Clayworking ; Clays, Engobea, Glazea Colours, 
‘ - - . . . Mining and Quarrying, 


Weathering, Washfng, Crinding. Tempering, ant{pu( 
’ ■ ‘ 'nxing Machiiierr " 


[ liU« VIHjp iUlIllIlK CIXIU 

:ing.— Macliinery; Boilers, Engines, General 

iiery, Presses, Ac- Dryers and Drying.— Engoblng and Glazing. 

Betting or 0ba:g;Hng, Transport.— Kilns.— Firing.— Discharging, Borting, and racking.— Defects 
and Waste.— Tests, Analysis and Control — BisLionaAFi:/.— T abljsb.-Inqbx. 


shing, 
Machinery, Sieves, Ml: 
VL^flcttlngo 


"We can thorwughly recommend this handy little book to all onr readers.” -JSric* and 
Pottery Trades' Journul. 
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OBAHf^ES oRi^Fm co:r publications. 

f f , 

Second Edition, Hevised and Enlarged. 

With Tables, Illi strations the Text, and 37 Lithof^raphic Plates. Medittai 
, 8vd. Hand^me Cloth.* 30s. 

SflWAGE DISPOSAL WORKS! 

A Guide to the^onstrudtion W<r.?ks for the Prevention of tjie 
«. Pollut^n by Sewage of Rivers and Estuaries. * 

By s/'NTO, 5 ^CRIMP, M.Inst.C.E., F.G.S., 

^Late Assistant'l^ngineer, London County Council 
** Probably the most complktk and rest treatise on the subject which has appeared 
in our lanfpiage ” — Edtnbui^jh Medical Journal. 


Beautifully JUustraiedy with. Numerous Plates^ Diagrams^ and 
Figures in the Text. 21s. net. 

TRADES’ WASTE! 

ITS TREATMENT AND UTILISATION. 

A Handbook for Borougrh Engrlneers, Surveyors, Architects, and Analysts. 

Bt W. NAYLOR, F.O.S., A.M.Inst.C.E., 

Chief ItiftjHictor of Rivers, Kibble Joint Committee. 

Contents. — I. Introduction. — II. Cliemical Enginoering. — III. — Wool De-greaslug 
and Grease Recovery. — IV. Textile Industries; Calico Bleaching and Dyeing. — V. Dyeing 
and Calico-Printing. — VI. Tanning and Fellmongery. — VII. Brewery and Distillery 
Waste.—VIII. Paper Mill Refuse.— IX. General Trades’ Waste.— Index. 

“There is probably no person m England to«day bettor flttod to deal rationally with 
each a .subject.” — British Sanitarian. 

c. _ _ 

In Handsome Clotli. HVith 59 Illustrations. 6s. net. 

SlMfOKS 

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 
Health, Engineers, and Others. 

By william NICHOLSON, 

Chief Smoke luspoctor to the RheffleUl Coi-poratlou. 

Contents.— Introduction. — General Legislation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, l''amace8, 
and Kiliij. — Private Dwelling-House Smoke. — Chimneys and their Construction. — 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Summary and Conclusions. — Index. 

“ We welcome such an aileciuate statement on an important subject.” — British 
Medical Journal. 


Second Edition. In Medium 8vo. Thoroughly Revised und Re-Writt^n. 

15&. net, 

CALCAREOUS‘ CEMENT&: 

THEIR NATURE, PREPARATION, AND USES. «• 

WirAAla oiome RemsavlKai ujpon. Oemenrt 

By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Ktnsington. 

And CHARLES SPACKMAN, ¥.CS. 

“ We can thoroughly recommend it as a firs t-class investmen ^*^ — Pr actical Engineer. 

. lONDOM: CHARLES GRIFFIN « CO,, LIMITED, EXETER StCrEET. 8T»AND. 
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CHEMISTRY AND /JOJ^NOLOC^Y, ♦ 

• • 


With Four Folding Plates and Numerous Illustrations. 'Large ^o. 

8s. 6d. net. | * 

wjLrrESR 1STgrF»i*x.iX* •,*. 

/f Practical Treatise on the Selection of Sc trees and the Dlstrlhufioii of Water. 

By REaiNALD E. MIDDLETON, M Inst.^.E., M.lNti\Mi£OH.E* F.S.I 

^giA^KiUGED Contents.— Iutrodiictor 3 ^--Re<i‘airemout 8 as to Qualaj\— Ri iua’e\.^ent« 
*aa to Quantity. — Storage Reaervolra. — Purification — Service iteBervoir? *L'he Flow 
of Water through Pipes. — Distributing Sy.stoms. -- PumpingL Marines —Special 
BequiremeutB. ^ 1% 

“As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf.” Practical lUngineer. 


In Large Crown 8vo. Fully Illustrated. In Two ^^lunies. 

Volume I. Fourth Edition. Price 7s. 6d. ^et. 
,, II. Third edition. Ready Shortly- 
THE CHEMISTRY OF 


GAS MANXJFACTXJRE : 

A Hand-Book on the Production^ Purification^ and Testing of Illuminating 
Gas, and the Assay of the Bye-Products of Gas Manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 


Fcnnerly Head Chemist, Gas Works, Beckton, London, K. 

“ The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing.” — Journal, of Cos Liyhtinf/. 


With Diagrams and Illustrations. 5s. net. 

JLCETYI-iBKrE:* 

THE PRINCIPLES OF ITS GENERATION AND USE. 

By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene AsBociallon; 
And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S., 

Consulting Cliemist, Author of “The Chemistry of Cas Manufacture.” 

“ Brimful of information .”— Trade Journal. 

“We can tlnmoughly recommend the book to the manufacturer as a reliable work 
of reference, to tlie user as supplying valuable hints on apparatus and metluNiB of 
procedure, and to the student as a safe and certain guide.” — Acetylene. 


Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, investigation, and Prevention of Fires and Explosions. 

By Dr. YON SCHWARTZ. 

Translated from the Revised German Edition 
By C. C. SALTER. 

*1lBBRiDaEi) General Contents.— Fires and ExploBloiis of a General Character — 
^Dangers arising from Sources of Light and Heat. — Dangerous Gases. — Risks Attending 
Special Industries. — Materials Employed. — Agricultural Products. —Fats, Oils, and 
Resins.— Mineral Oils and Tar.— Alcohol, «fcc.— Metals, Oxides, Acids, &c.— Lightning 
Ignition Appliances, Ftreworks. 

I “The work affords ‘a wealth of information on the chemistry of Are and kindred 
topics.” — Fire and Water. , 

“A complete useful survey of a 8ul)Ject of wide interest and vital importance.’ — 
Oii and Colour man’s Journal. 

LONDON: CHAllLESbURIFFIN & CO.. IIMITED, EXETER STREET, STRAND, 
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CRARl^S OBlfriN Jk CO.'S PUBLICATIONS. 

f ^ r ; 

TKj’iTEENToa Edition, Thoroughl}j, Revised. The Appendix on Sanitary 
Law beii >;5 Entirel]^; Re-Written for this Edition. Price 6s. 

PRACTICAL sanitation; 

A H/f^D-BOOIt FOR SANITARY INSPECTORS AND OTHERS 
, INTERESTED NN SANITATION. 

By GEORGE REID, M.D,, D.P.H., 

Ftluno. Meht. bouncily ana^^Seaminer, Sanitarv Institute of Great SriiaiMy 
f and Medical Officer to the Staffordshire County Council. 

Mitb an appendix on Sanitats Xaw* 

By HERBERT MANLEY, M.A., M.B., D.P.H., 

* * Burrisier-at-Law. 

Genekal CoNTENTi).- lull oduction. — Water Supply: Drinking Water, Pollution ol 
Water.— V<!®tilation and Warming.— Principles of .Sewage Removal.— Details of Drainage ; 
Refuse Removal and Disposal.-- Sanitary and Insanitary Work and Appliances. — Details of 
Plumbers’ Work. — House Construction.— Infection and Disinfection. — Food, Inspection of; 
Characteristics of Good Meat. Meat, Milk, Fish, &c., unfit for Human Food.— -Appendix ; 
Sanitary Law ; Model llye-l..aws, «S. c, 

“ A VERY USEFUL HanDKoOR, with a very useful Appendix. We recommend it not only to SANITARY 
INSHFCTOR.S, but to H< lUSEHOLDliKs and ALL intcrcstul III Sanitary Matters. ”— Rtcord. 


In Handsome Cloth. With 53 Illustralion.s. 3.S. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers, Surveyor, Wombwell, Yoiks. 

C 0 NTKNT.S,— Watir Supply. — Ventilation. — Drainage.— Sanitary Building Construction. — 
Infectious Diseases. — Food Insi>ection.— T<^utie.s of an Inspector of Nuisances and Common 
Lodging-Ho”ses. — Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
the Working-Classes Act. — Shop Hours Acts — .Sale of Food ami Drugs Acts. — The Mar- 
garine i^ct.s. — Sale of Horseflesh, &c., Rivers Pollution. — Cana! Boats Act. — Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 
Index. 

“ Accurate, reliable, and compiled with conciseness and care.” — Sanitary Record. 


Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8 b. 6d. net. 

SANITARY ENGINEERING: 

A Practical Manual of Town Drainage and Sewage and Refuse Disposal. 

For Sanitary Authorities, Engineers, Inspeotors, Arohiteote, 
Oontraotors, and Students. 

By FRANCIS WOOD, AM.Inst.C.E., F.G.§., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lancs. 

aSNERAL COVSTTENTS. 

Introduction. — Hydraulics. — Velocity of Water in Pipes. — Earth Pressures and Retainii^ 
Walls. — Powers. — House Drainage. — Land Drainage. — Sewers. — Separate System. — Sewa{$ 
Pumping.— Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, &c. — Trade Refuse.— 
Sewage Disposal Works. — Bacterial TVeaiment. — Sludge Disposal. — Construction and 
Cleansing of Seurers.— Refuse Disposal.— Chimneys and Foundation's, ^ 

“ The volume bristles with information which will be greedily read by those in need assistance. The 
book ts one that ought to be ou tlie bookshelves of EVERY PRACTICAL ENGINRER, ‘—Sanitary foumml. 

“ A VERITABLE POCKET COMPENDIUM of Sanitary Engineering. . . . A«work which may, la 

many respects, be considered as COMPLETE . . , comaibndably CAUTIOUS , . . INTHRBSTXIIC 
. . . SVGGBSrtVB.‘'—Pu6ttcffeal:Jt£nrtneer t 

. AONDON ; CHARLES GRIFFIN A GO.. LIMITED. EXETER STREET, STRAND. 
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„VOL. I. Now R£ADY. In Aalf moi’OCCiO, 1248. Ret. 

m r # * ' 

Jn Two %^oiumeSy each cgmphi' in itself. » 

JP.HYSICO-CHEMJCAL ‘TABLES' 

FOR THE USE OF ANALYSTS^^PHySICIS^iS. OHEKICAL 
MANUFACTURERS AND SCIShTIFIC CHEMISyS. 

Volume I. — Chemical Engineering, PhysicafChemietry. 

Volume II. — Chemical Physice, Pure and Analyticai Chemistry. • 

\Shmily, 

By JOHN CASTELI^EVANS, F.I.C., F.CTS., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 

The 1 'ables may almost claim to be exhaustive, and embody and collate all the m(«t 
recent data established by expcrimentahsts at home and abroad-^ The volumes^ will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as possible all rules and tables required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and also the prin- 
cipal data in Thermo-Chkmistkv, Electro-Chemistry, and the various branches 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent inves igations. 


Second Edition. In Large Svo. ffandsome doth. Beautifully 
Illustrated. With Plates and Figures in the Text. 

Road Making and Maintenance : 

A PBACTICAL TREATISE FOB EXIGIIIEEBS, 
STTBVEYORS, AND OTHERS. 

With an Histobical Sketch of Ancient and Modern 1'bactiob. 

Bt THOS. AITKEN, Ab 80 c.M.Inbt.Q.E., 

llember of the Association of Municipal asd County Engineers ; Member of the Sanitary 
Inst. ; Surveyor to the County Council of Fife, Cupar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. 

Contents.— Historical Sketch.— Resistance of Traction.— Laying out 
Sfew Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
•Materials, or Metal.— Quarrying.— Stone Breaking and Haulage.— Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads. —Carriage Ways and Root Ways. 

•' The Literar^style is excblirnt. ... A comprehensive and BXCBttBN® Modem B^k, an 
HP-to-eatb work. . . . Should be on the reference shelf of every Municliwl and County 
BSngineer or Snrviyor in the United Kingdom, and of every Colonial Engineer. —The Sttrveyor. 

UmDON: G|ArLE?,GRIFFIN & CO., LIMITED, EXETER STREET. 8TRAHJK 
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GHAJiLIfS ORlFf'IN OO.’S PUBLIGA TIONS. 

f— ^ 1 

Fotv*.TH Eixtion, Revised and Enlarged. With Illustrations. I2s. 6d, 

‘ Painters’ ’ 

Colours, Oils. & Varnishes 

’ «?RACTICAI. nXANUAi:.. 

By Q^:OR(3fe*'H. HURST, F.C.S., 

Member of the Society of Chemical I ndiistry ; Lecturer on the Technology of Painters' 
Colours, Oils, and Va|:aishes, the Municipal Technical School, Manchester. 
General Contents. — Introductory— The Composition, Manufacture, 
Assay, and AN|\lysis of Pigments, White. Red. Yellow and Orange, Green, 
Blue, Brown, and Black — Lakics — Colour and Paint Machinery — Paint Vehicles 
(Oils, Turj^ntine, &c., &c. ) — Driers — Vakni.shes. 

“ A THOROUOHi.Y PKACTiCAi. book, . . . the ONLY English work that satisfactorily 

treats of the manufacture of oils, colours, and pigments.” — Chemical Trades' youmal 

For Mr. Hurst’s Garment Dyeing and Cleaning, see p. 84. 

In Crown 8vo. Hund.some Cloth. With Illustrations. 5s. 

THE PAINTER’S LABORATORY GOIDE. 

A Student’s Handbook of Paints, Colours, and Varnishes. 

By GEORGE II. HURST, F.C.S., M.S.C.I. 

Abstract of Contents. — Preparation of Pigment (.Xdours. — C^ieuncal Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Vainishes. — Tests and Experiments. 
— Plants, Methods, ^nd Machinery of the Paint and Varnish Manufactures. 

This Work ha^ been designed by the Author /or the Laboratory 0/ the Te( hnical School, and 
of the Paint and Colour Works, and all tntorested or eng^a^ed in these industries. 
“This excellent liaiulliook, . . . the model of what a handbook should he."-~-Otls, 

Colours, and Drysalteries, 

Third Edition, Revised. In Crown 8vo. extra. With Numerous lllustra' 
tions and Plates (some in Colours), including Original Designs. 128. 6d. 

Painting and Decorating: 

A' Complete Practical Manual for House 
Painters and Decorators, 

By WALTER JOHN PEARCE, 

LHCTUKER AT THE MANCHKSTKB TKCHNIOAL BOHOOL FOR HOUBK-PAIHTIHO AND DKOORATINO 

GENERAIi CONTENTS. 

Introduction — Workshop and Stores — Plant and Appliances — Brushes and 
Tools— Materials : Pigments, Driers, Painters’ Oils— Wall Han^gs— Paptr 
Hangmg— Colour Mi^^g — Distempering — Plain Painting— Stainmg — Var^h 
and Varnishing — Imitative Paintmg — Grainii^— Marbling — Gilding— Smn- 
Writing and Lettering — Decoration : General Principles — Decoration in DfS" 
temper — Painted Decoration — Relievo Decoration — Colour — Measuring an 4 |^ 
Tlatimating — Coach-Painting — Ship-Painting. 

'* A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRAOTIOAL INFOR- 

MATION in a CLEAR and concise form.” — Plumh&r and Devorator. 

“A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . '. , ^O FULL and* 

COMPLETE that it would be difficult to imamne how anything further could bo 
added about the Painter’s craft .” — Builderst Journal, ^ 

LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER GlftEET, STRAND. 
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CHEMISTRY TE^'HNOL^GY^ 

— - ^ \ ; 

Second Edith )N. in Large 8v^. Tlandsomc Cloth. J\MtU 4jBlatep 

Several Illusti-alions. ids. ntg. 

^HE CHEnyiiSTRY-^OF I^DIA RUBBF4R. 

k liil^eatise on the Nature of India Rubber, fvP, Chemlcal^d PHysical titamlna- 
tion, and the Determination and Valuation of Tudi^Rubber Substitutes. , 

• Including the Outlit^/s of a Thevy on Vu^anisatimfH 

By carl OTT& WEBKR, .Ph.D. , 

“ Replete with scientific and also with tethiiical in^rest. . TWfc secti 'ii on physical 
properties is a complete rt^suint> of every thing knLartWhc subjecttA^/«rfirt-?'7^Mer / 


In Large Crown 8vo. Fully Illust«itcu. 5s. net. 

gijXJE, GEEArr i.ii e , 

AND THEIB ALLIED PBODUCtS, 

A Practical Handbook for the Manufacturer, Agriculturist, and Student^f Technology. 

By THOMAS LAMBERT, 

Analytiral and Tei linical Chemist 

Contents. —H istorical.* Gi ue.— Grlatini' — .*^i/c .and Isinglass.— Tieatment of Efflu- 
ent*; produced in Glue and Gelatine Making. — Liquid and other (Hues, (’cments, &c. — Uses 
of Glue and Gel.aline. — KesuUud Products — An.ih'sis of Kaw and Finished Products.— 
ArPKNDix.— I ndex. 

“A stifficicnt account of modern methods of -working, < hiefiy from a pmrtical standpoint. 
A hook ... of real value .’* — Chemical Neu>^. 


At Press. In Large 8vo. Handsome Cloth. I'ully Illustrated. 

THE ANALYSIS OF MATERIALS USED IN 

THE K.EATHEH r H D XJ S T R Y . 

I'.Y S. R. TKOTMAN, IM.C., 

Puhlic Analyst for the City of Nottingham, Member of the Intertalional Asset iatioii 
of Leather T'rades’ Chemists. 

Synopsis op C'onients.- Standard Solutions.— Acids, Alkalies, &(•.— Water.- Depilation 
and Dcliniing. — Fleshings, &l.-— G lue.- -Spent Liquors. — Mineral and VcEelahle Tanning 
Agents.— Oils.— Soap.s.— Varnishes.— Skill.- Leather. — DyestulTs. Degreasing Agents. — 
Effluents.— (ii.tssARY.— Index. • 


In Medium 8vo, Handsome Cloth. Fully Illustrated. I2s. 6d. net. 

PAPER TECHNOLOGY: 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES. 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Others. 

By R. W. SINDAI.L, F.C.S, 

Contents. — T ntroduclioii. — Technical Difficulties relating to Paper. — R.ag Papers. — 
Esparto, Straw, Notes on Bcadng. — Wood Pulp —Wood Pulp Papers. — Packing Papers — 
“Art’’ Papers. — The Physical Qualities of Paper. — The Chemical Constituents of Paper. 
— The Microscope.— Fibrous Materials u.scd in Paper - making Analysis of a Sheet of 
Paper. --The C.P S. Units.— Cellulose and its Derivatives. — Hi.story, Chronology, and 
Statistics. — Dictionary of Chemical Terms. — Glossary. — City and Guilds Questions. — 
Index. 

“ Exceedingly instructive ami pOTticularly useful.”— Makers Monthly Journal. 


In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handbook^f the' Production and Properties of Printing, Writing, and Copying Inks. 

By C. a. MITCHELL, B.A., F.I.C, F.C.S., & T. C. HEPWORTH. 

‘ ' Thorough!^' well arranged . . . and of a genuinely practical order .” — British Printer, 

LONDON : oRaHLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 
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OH ABLE f QRIFmN de 00:S PUBLICATIONS, 

V rrxfiEs rrE:x^c<xx^E3« injdxjst'riesb* 

Sxcoi^D Edition, Thoroitjhly Revi^d Tkrounhothi In Two Lar^ 

* ^ I Volumes. #. Handsome Cloth. 4 

• A. MAl^UAL OF DYEING i ^ 

fOR wk USE OF PRACTICAL OyfRS, MANUFACTURERS, STUDENTS, t , 
'AND,^ALLlg.NTERESTED IN THE ART OF DYEINO. 

J BY 

E. KNECIST, a.D., F.I.C., CHR. RAWSOH, F.I.C., F.C.S., 

Howl of the Chemiatry and Dyalng UepArtnient of lAte Heud of tbe Ckemiatry and Dyeing Depertment 
the Teehnloal 8chool« Manoheater; BcKtor of “The of the Technioal College, Bradford : Member 

Journal of the Society of Dyem and ColourletB ; “ Oounoil of tbe Soolety of Dyen knd Ooionriat*^ 

r And RICHARD LOEWENTHAL, Ph.D. 

General Contents. — Chemical Technology of the Textile Fabrics — 
Water — \^?1lshing and Bleaching — Acids, ^^kalies, Mordants — Natural 
Oolouring,Matters — Artificial Organic Colouring Matters — Mineral Colours 
— Machinery iised in Dyeing — Tinctorial Pro^rties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, &c., Ac. 

“ Thlg authoritative and exhaustive work ... the most ooMPUtTs we have yet seen 
on the subject”— Manufacture. 


In Large Soo^ Handsome Cloth, Pp. i-xv + 405. 16s. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 
By JOHN CA^NELL CAIN, D.St*. (Mancjikstkr and TUbingen), 

Teclmicftl Chemist, 

And JOCELYN FIELD l%ORPK, Ph.D. (Heidelber(4), 

Lecturer on Colouring Matters in the Victoria Thiiversity of Mauchcster. 

Par*>t I. Theoretical. Part II. Practical. Part III. Analytical* 

“ We have no heBitation in doserihing this treatise as one of tlie most valuable books 
that has appeared. . . , Will give an Impetus to the study of Organic Chemistry 
generally.” — Chemical 'Irade Jotirnal. 


Companion Volume to Knecht ds RmmorCs “ Dyeing. ” In Large 8vo, 
Handsome Cloth, Library Style, 16s. net. 

• A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formulas, Properties, and Applications of the various substances described, 
and concise directions for their Commercial Valuation, 
and for the Detection of Adulterants. 

By CHKISTOPHBR RAWSON, F.I.C., F.C.8., 

Consulting Chemist to the Behar Indigo Planters’ Aaiociation; Co-Author of *'A Manual 

of Dyeing ; ” j 

WALTER M. GARDNER, F.O.8., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College; 
Editor of the " Joum. Hoc. Dyers and Colourists ; ’ 

And W. F. LAYOOOK, Ph.D., i'.p.S., 

Analytical and Coubultlng Chemist. 

“Turn to the book as one may on any subject, or any substance in eonn^tioh with the 
trade, and a reference is sure to be found The authors have apparently leit nothing out" 
— Ttoftfe Mercury. I; ^ 
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THE TEXTILE li''DVSTRlKiL Hj 

Large 8vo. • Profusely Tlluftratr d witli Plates and Inures in tl:e Text, 

lesa^et. 

•THE SPINNING AND. TWISTING OF LQNG 
VEGETABLE ^FIBRES 

(FLAX, HEMP, JUTE, TOW, ^ R^MIE). 

h-acticat Manual of the most MoSksrn M^hods cll applied to the Hach.ifiy, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable fibres of Cofnmercc. 

By HERBERT R. CARTER, Belfast Lille. 

General Contents.— Loug Vegetab-.. Flblfe'^S^ComraercerVltise and Growth of 
the Spinning Industry. -Raw Fibre Markets.— Purchasing Raw Material ■>-^toring and 
Preliminary Operations,— Hackling.- Sorting.— Preparing.— r w Carding and Mixing.— 
Tow Combing.— Gill Spinning.— The Roving Frame.— Dry^nd Demi-sec Spinning.— Wet 
Spinning.— Spinning Waste.— Yarn Reeling.— Manufacture of Threads, Twines, and 
Cords.— Rope Making.— The Mechanical Department.— Modern Mitfl Constnxetion.-jr 
Steam and Water Power.— Power Transmission. 

“ Meets the requirements of the Mill Manager or Advanced Student^m a manner 
perhaps more than satisfactoi-y. . . . We must highly commend the wk as repre- 

senting up-to-date practice.” — Nature. 


In Lai'ge 8vo, Handsome Cloth, with Numerous Illustrations, 98. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

Th.0 Occurrence, Distribution, Preparation, and Industrial 
Uses of the Animal, Vegetable, and Mineral 

Products used in Spinuing and Weaving. 

By william I. HANNAN, 

Lecturer on BoUny at the Ashton Municipal Technical School, lecturer ou Cotton 
Spinning at the Chorley Science and Art School, &c. 

With Numerous Photo EngravingB from Nature. 

“Useful iNFOKMATiON. . . . Aomirable li lustrations . The Information 

is not easily attainable, and in its present convenient form will be valuablw.’’— ZVa'hfF 
Recorder. 

In Large 8vo, with Illustrations and Printed Patterns. Price 2ls. 

TEXTILE PRINTING : 

A PRACTICAL MANUAL. 

Including the Processes Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALP- 
SILK PABEICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S., 

Hem. Soc. of Chemical Industries; late Lecturer at the Municipal Technical School, 

, Manchester, 

Gbnebal Oontknts. — Introduction. — The Machine^ Used in Textile 
Printing.—Thiokeiiers and Mondanta.— The Printing of Cotton Goods.— The 
Iteam Style. — Colours Produced Directly on the Fibre. — Dyed Styles.— 
Padding Style.— Resist and Discharge Styles.— The Printing of Compound 
Colourings, &o. — The Printing of Woollen Goods.— The Printing of Silk 
Gkihds.— Practical Recipes for Printing. — Useful Tables.— Patterns. 

' “ Br FAB THE LBs/and most practical book on textile printing which has yet been 

brought out,|^fid will loM remain the standard work on the subjeot. It is essentially 
praotloal In character."— JVxttZg i#ercfiry. ^ ^ 

“ The Mocr^RAOTiOAL manual of TEXTILE pBiNTiNa whlch has yet appeared. We have 
no hesitation in recommending it " — The Textile Manufacturer. 
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CH4Rl‘iSS GRIFFIN de CO.'S PUBLICATIONS. 

I _ - 

• Large 8vo. Handsome Cloth. 12s. 6d. 

blsachi'ng & jCALICO-I^INTING. 

* A Shoift Maijual for Students and 
, ^ Practical ificen. 

*B(I? GE^tJWJE DUERR, 

Director of the, i*loachin^, Dyein^ri and Printing Department at the Accrington and Bac 
Technical Bcltoola ; Chemist and Colourist at the Irwell Print works. 

Assisted by WILLIAM TURNBULL 

« <r (of Turnitull & Stockdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designecFspecially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Comiwsition of; Bleaching, New 
Processes ; Printing, Hand-Block ; Flat-Press Work ; Machine Printing — 
Mordants Styles of Calico-Printing : The Dyed or Madder SWK Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c. — Thickeners — Natural O^anic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours — Coal Tar Colours—Dyeing — Water, Softening of — Theory of Colours 
—Weights and Measures, &c. 

" When a kbadt way nut of a dilficulty is wanted, it is IR books iiKB THIS that it is found.”— 
Textile Jieoorder. 

" Mr. Durbe’s WORK will be found HOST TJSBfOL. . , . The information given is of obba* 
VALCB. . . . The Recipes arc thobouohly practical.”— T eicti2« Mantt/aeturer. 


Second Edition. Revised and Enlarged. With Numerous 
Illustrations. 4s. 6d. 

GARMENT 

DYEING AND CLEANING. 

A Practical Book for Practical Hen. 

Bv GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

General Contents. —Technology of the Textile Fibres— Garment Cleanings 
—Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics— 
Scouring and Dyeing of Skin Rugs and Mats — Qeaning and Dyeing of Feathers — 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing — Glossary of Dru^p*' 
and Chemicals — Useful Tables. 

“ An up-to-datb hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important work, the more so tlmt several of the branches m 
the craft here treated upon are almost entirely without English Manpals for the guidance 
of workers. The price brings it within the reach of all." — Dyer and Catice-P^inUr. 

" Mr. Hurst’s worx dbcidkdly fills a want . . . oimht to be m the hands of 
svkry garment dyer and cleaner in the Kingdom”— TV atA’/t Mercury. * 
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INTRODUVTORf ^''lEyCE USESIEH. , 85 
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“Boya OOULD not Hi\rB a MJRTI AUiUNINO INTKC »UOTION to RCleutifiO p^V.iU i 
Ibbiin these chsnuiig'lookinff volumes."— Letter *^e Publishers from Lhe^ead 

nsBsier^of one of jour great Yublic Schools. } 

* Han^ome Ol)ith,r78. 6d. for ?-*Ve8entation, 88. f5(’. j 

OpEp-JHH STOpIES j}! BOTUSY ; 

SKETCHES OF BMTISH WILD ITfOWERS 
IN THEIR H2J£f!S. ‘ 

By R. LLOYD PRAEGER, B.A., M.R.I.,A' 

Illustrated by Drawings from Nature by Sh Rosamond Praeger. 
and Photographs by R. Welch. ^ 

Genbbal Contents. — A Daisy-Starred Pasture— Under the Hawthorns 
—By the River — Along the Shingle — A Fragrant Hedgerow — A Ognnemara 
Bog — Where the Samphire ^ows — A Flowe^ Meadow — Among the Com 
(a Study in Weeds) — lio the Home of the Alpines — A City Rubbish>Heap— 
Glossary. 

" A FKBSB ANP smcULATINO book . . . should take a high place . . . The 
Illustrations are drawn with much skill."— 2'Ae Times. 

“ Bbautipullt illustratbd. . . . One of the most accurate as well as 

INTBRBSTINO books of the kind we have teen."— Athenaeum. 

*‘Itedolent with the scent of woodland and meadow."— TAe Standard. 


With 12 FulhPage fituatrations from Photographs. Cloth. 
Second Edition, Revised. 8a. 6d. 

OPEji-AIIl STUDIES Ijl GEOEOGY 

An Introduetion to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A.*, 

Professor of Geolc^ In the Boyal College of Science for Ireland, * 
and Examiner in the ITnlversity of London. 

General Contents. — The Materials of the Earth — A Mountain Hollow 
—Down the Valley— Along the Shore — Across the Plains — Dead Voloanoee 
— A Granite Highland — The Annals of the Earth — The Surrey Hills — The 
Folds of the Mountains. 

**The VASOiNaTnra 'Open-Air Studies’ of Paot. Oout give the subje^ a glow or 
ANIMATION . . . cannot fail to arouse keen interest in geology. ’’—Oeolotne^i/A^asme. 

" A oHARKiNo BOOK, beautifulJy illustrated."— AIAen«um. 


Beautifully Illustrated. With a frontiapieoe in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEHIIt STUDIES Ijl BlDD-bIFE: 

ooSEETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open Heath and ]V®oor.— On the Mountains.— Amongst the Evergreens.— 
(Copse and W^dlaud.— By Stream and Pool.— The Sandy Wastes and Mud- 
flats. -Sea-laved Rocks.— Birds of the Cities.— Index. 

‘^Enriched excellent illustrations. A welcome addition to all libraries.’’ — IVest’ 
minster Review. 
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OHABL^S GBIFFIN A GO.^8 FUBLIGAT/ONS, 


Twenty-ihird Annual Issuet Handsome cloth, 7$. 6d» 
» - (^0 SubscriberSf 681}. 


THE OFFICIAL YEAR-BOOK 

or TH« 


SCIENTIFIC aND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 


OOMPILBD FROM OFFIOIAL BODROSa. 


Oompriaing (together with other Official Information) LISTS of the 
PAPE^ read during the Session 1905-1906 before nil the LBAOIHB 
SOCI^IES throughout the Kingdom engaged in the following Depart' 
ments of Research 


9 I . Science Generally : i.e., Societies occupy- 
inif themselves with several Branches of 
Saence, or with Science and Literature 
jointly. 

S a. Mathematics and Physics. 

$ 3. Chemistry and Photography 

$ 4. Geology, Geography, and Mineralogy. 

$ 5. Bioiog^'', including Microscopy and An- 
thropology. 


$14. MKCICIKB. 


5 6. Economic Science and Statistics. 

§ 7. Mechanical Science, Engineering, 
Architecture. 

5 8. Naval and Military Science. 

5 9. Agriculture and Horticulture. 

5 10 Law. 

J XI. Literature, 
i xa. Psychology. 

5 13. Archmoiogy. 


Fills a very r^al 

Indispkkbable to any one wio may wish to keep himself 
abreast of the scientific work of the — Edinburgh Medical 

Journal. 

'* The Ybar-Book of Socistibs is a Reooril which ought to be of the greatest u.se for 
the progress of Science.** — Lord Piay/atr^ K.C.B.^ M.P.^ PMi-Prexidlnt of ikt 

BriHsk Association. 

** It goc.s almost without saying that a !■«»... xik of this subject will be in time 
oneonimiTicv|jtjfenemill^^usefu^^ Times. 

*‘]&riuRh Societies ail c now weUjnjroresents^ of the Sc^entjlal^, and 

Learned Socn-ties of Great Britain axid Ireland,'”— <Art. '^Societies” in New EdtISon of 
** Kocyclopaidia Britannica/' voL xxii.) 


Copies of the First Issue, giving an Account of thef’His’ory, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still he 
had, price 7/6. Also Copies of the Issues following. 


The YKARj^BOOKo^ f<jrin,s a complete iNoex: TO thb scigtrtiFiC WOBK of thu 

sessioi 3 '"yeftrTrTfITTaiTmrTr)epartnietits. It is Viseii as si ff akobook m “ST our great 
Scientific Cbntkbs, Moskums, and Librakies throughout the iUogdom, and has become 
an INDISPBNSABI.B BOOK OP RBKERBNCK to every one engaged in Scientific Work, 

READY IN OCTOBER EACH YEAR... 
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